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Introductory  Note 


THE  Cyclopedia  of  Engineering  is  compiled  from  the 
most  practical  and  comprehensive  instruction  papers  of 
the  American  School  of  Correspondence.  It  is  intended 
to  furnish  instruction  to  those  who  cannot  take  a  correspondence 
course,  in  the  same  manner  as  the  Amencan  School  of  Corre- 
spondence affords  instruction  to  those  who  cannot  attend  a  resident 
engineering  college. 

4L  Tho  instruction  papers  forming  the  Cyclopedia  have  been  pre- 
pared  especially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
they  are  in  use  as  text  books  by  Columbia  University,  Lehigh 
University,  Iowa  State  College,  the  University  of  Maine,  the  U.  S. 
Government  in  its  School  of  Submarine  Defense,  the  Westinghouse 
Companies  in  their  Shop  School,  and  for  reference  in  the  leading 
colleges,  shops  and  public  libraries. 

^  Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  preparation  of  the  various  sections  of 
the  Cyclopedia.  Each  section  has  been  tested  by  actual  use  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  practice  in  the  shop  or  engine  room. 


^  Numerous  exainpleB  for  pr&ctice  are  inserted  at  iaterralsjtliese, 
with  tke  ttiEt  qiiestioDB,  help  the  reader  to  fix  iu  mind  the  eesential 
poiats,  thus  cotiibining  the  advantages  of  a  text  book  with  a 
reference  work. 

d.  Grateful  acknowledgment  is  due  to  the  corps  of  writerB  and 
collaborators,  who  have  prepared  the  nianj  sections  of  this  work. 
The  hearty  co-operation  of  these  men — engineers  of  wide  practical 
experience  and  acknowledged  ability  —  baa  alone  made  these 
volumes  possible. 

41,  The  Cyclopedia  haB  been  compiled  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  comprehended  by  the  man 
who  has  but  tittle  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  practical  engineering.  If,  therefore,  it 
should  benefit  any  of  the  large  number  of  workers  who  need,  yet 
lack,  technical  training,  thu  editors  will  feel  that  its  mission  has 
been  accomplished. 
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MARINE  BOILERS, 


The  marine  boilers  now  used  may  be  divided  into  three  dis- 
tinct  classes  which  in  turn  may  be  subdiv^ided.  These  general 
classes  are, 

1.  The  rectangular  or  box  boiler. 

2.  The  cylindrical,  or  drum  boiler. 

3.  The  water-tube  boiler. 

THE  RECTANGULAR  BOILER. 

The  Rectangular  Boiler  shown  in  Fig.  1  is  made  square  or 
box-shaped;  hence  the  sides  are  fiat.  This  form  was  one  of  the 
earliest  used;  at  present,  however,  its  use  is  restricted  to  low 
pressure,  that  is,  under  30  pounds  per  square  inch.  The  reason 
why  this  boiler  cannot  be  used  for  high  pressure  is  that  the  Hat 
plates  tend  to  bulge  outward  when  under  high  pressure.  In  order 
to  prevent  the  plates  from  bulging  they  must  be  stayed  with 
numerous  longitudinal  and  vertical  stay  rods. 

Box  boilers  were  generally  made  with  an  internal  uptake  as 
shown  in  Fig.  1.  This  construction  j)ermits  of  a  larger  steam 
space  and  reduces  loss  of  heat  by  radiation.  It  is,  however,  ex- 
pensive in  lirst  cost  and  repairs;  also  the  plates  of  the  uptake 
waste  rapidly,  especially  near  the  water  line,  because  the  heat  is 
not  transmitted  as  readily  by  steam  as  by  water.  In  case  the  uj)- 
take  is  made  separate  and  does  not  form  a  part  of  the  boiler,  this 
objection  is  avoided. 

The  tubes  of  the  rectanmilar  boiler  are  usually  horizontal  or 
nearly  so.  When  set  inclined  or  with  a  '^rake,"  as  it  is  called, 
there  is  more  room  for  manholes  at  the  smoke-])ox  end. 

The  extremities  of  the  tubes  at  the  combustion  chamber  end 
are. near  the  furnace  but  are  hicrher  at  the  smoke-box  end.  The 
water  level  is  about  the  same  as  with  the  horizontal  tubes;  the 
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entls  nearest  the  comljustioii  chamber  having  the  greater  deptli  nf 
water  over  tiiem.  The  inchiiation  ia  about  one  inch  to  the  foot 
Rectiingiilar  boilers  were  made  in  two  ways,  and  from  the 
form  of  eonsti' notion  were  known  as  wet  bottom  and  dry  bottom. 
The  wet  bottom  boilers  were  made  with  the  furnace  wholly  inside 
and  independent  of  thesliell;  the  fnrnaces  being  surrounded  by 
water  on  ail  sides.  In  tlie  diy  Ixittoni  boiler,  the  fumstced  termi- 
nated in  the  boiler  shell  at  the  bottom,  having  a  water  space  called 
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the  water  leg  between  them.     This  water  leg  causes  trouble  by 
getting  filled  up  with  sediment.     A  furnace  had  water  around  the 
sides  but  like  the  locomotive  and  most  vertical  boilers,  there  was  - 
no  water  underneath. 

The  diy  bottom  boiler  is  ligliter.  (as  the  bottom  plates  are 
omitted),  cheaper,  hiis  greater  durability  and  is  easier  to  examine. 
On  the  other  hand  it  is  moie  dangerous  to  the  ship,  as  the  boat  is 
likely  to  cause  corrosion  of  the  frames  if  of  iron,  or  burn  the 
frames  if  of  wood.  The  wet  bottom  boiler  is  very  difficult  to  in- 
spect and  repair.  ' 
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In  order  to  avoid  the  large  number  of  stays  in  the  steam 
space,  for  pressures  over  30  ix)unds  per  square  inch,  the  oval 
boiler  was  introduced.  It  has  semi-cylindrical  top  and  bottom 
and  flat  sides.  Tliis  form  was  soon  abandoned  because  it  would 
stand  only  about  45  pounds  pressure. 

THE  CYLINDRICAL  BOILER. 

Next  after  the  oval  boiler  came  the  cylindrical.  This  boiler 
is  made  with  the  shell  a  complete  cylinder.  It  is  lighter,  cheaper 
and  moi'e  easily  made  than  the  rectangular.  It  occupies  more 
space  and  for  a  given  heating  and  grate  surface  has  a  smaller 
steam  space.  Cylindrical  or  Scotch  boilers  may  be  divided  into 
three  classes  as  follows : 

1.  Single  ended  boilers. 

2.  Double  ended  boilers. 

3.  Gunboat  or  through  tube  boilers. 

THE  SINGLE   ENDED  BOILER. 

The  single  ended,  return  tube  boiler,  has  furnaces  and  tubes 
only  at  one  end.  The  arrangement  of  furnaces  and  flues  is  sim- 
ilar to  that  of  the  Lancashire  boiler.  The  single  ended  marine 
boiler,  shown  in  section  in  Figs.  2  and  3,  is  often  made  veiy  large ; 
sometimes  17  feet  in  diameter  and  12  feet  long. 

The  shell  is  made  up  of  belts  of  wrought  iron  or  mild  steel. 
They  are  fastened  together  by  Ixjing  riveted  where  the  edges 
overlap. 

The  front  and  back  are  made  up  of  flat  circular  plates.  The 
edges  are  flanged  and  riveted  to  the  shell  plates. 

The  furnaces  are  cylindrical,  3  feet  to  4  feet  in  diameter  and 
about  7  feet  long.  The  fiont  ends  of  the  furnace  flues  are  riveted 
to  flanged  holes  in  the  front  plate  ;  the  Imck  ends  are  riveted  to  the 
combustion  chamber.  These  flues  are  not  made  plain  cylinders 
because  a  plain  cylinder,  unless  small,  cannot  stand  high  pressure. 
Furnace  flues  are  usually  made  with  ribs  or  corrugations. 

The  combustion  chamber  is  formed  of  flat  and  curved  plates 
flanged  at  the  edges  and  riveted  together.  The  form  is  shown  in 
Fig.  2.     The  flat  sides  arei fastened  to  the  back  and  shell  plates 
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by  short  stay  bolts.  The  biick  tube  sheet  forms  one  side  of  this 
chamber.  Since  the  space  in  the  flues  is  small  the  combustion 
chamber  is  made  sufficiently  large  to  allow  complete  combustion 
of  the  hydro-carbons  diiven  out  of  the  fuel  by  the  heat  of  the  fire. 
Grate  Surface.  The  two  lengths  of  grate  bars,  which  form 
the  grate  surface,  divide  the  furnace  flues  into  two  parts.  The 
coal  is  burned  on  tlie  bars,  the  fire  occupying  the  portion  above 
them.  The  space  below  the  grate  is  called  the  ash  pit.  Air 
entei*s  tlu'  ash  pits  and  tlion  passes  up  through  the  spaces  of  the 
grate  bars  to  the  coal. 


Fig.  2. 


The  furnace  doors.  The  furnaces  are  fitted  with  doors 
through  which  fuel  is  supplied  to  the  fire.  The  doors  ai*e  usually 
provided  with  gratings  which  allow  air  to  pass  to  the  top  of  the 
fuel.  The  ash  pit  also  has  dooi-s  which  are  called  ash  pit  doors 
or  draft  plates.  These  draft  plates  serve  to  reguhvte  the  supply  . 
of  air  to  the  ivsh  j)it.  The  furnaces,  if  corrugated,  must  be  fitted 
with  ash  pans  to  enable  the  ashes  to  be  drawn  out  readily.  These 
asli  pans  protect  the  grates  from  wear  caused  ])y  the  constant  use 
of  the  hoe. 
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Bridge.  The  batk  of  tlie  furnace  is  fnrnicti  by  the  bridge, 
which  is  usually  built  of  fire  brick. 

Tubes  and  Heating  Surface.  The  tubes  of  the  marine  lx>iler 
are  similar  to  those  of  the  horizontsil  multitubular  boiler.  They 
are  exjiandei.!  into  the  front  plate  auil  the  rear  tube  plate.  The 
tubes  form  a  lai^e  heating  surface  in  a  small  sjKice.  The  heating 
Burface  of  the  boiler  is  made  up  of  the  tntx's,  tops  of  furnaces, 
and  top  and  sides  of  the  combustion  eliamlier.  The  tuljes,  how- 
ever, furnish  tlie  gi-eatest  amount. 

The  water  level  is  about  G  to  8  inches  above  the  top  row  of 
tubes;  the  space  above  the  water  level  is  called  the  steam  sjiace 
and  the  part  below,  the  water  space. 


Stays.  All  the  flat  or  nearly  Ihit  plates  of  the  boiler  and 
combustion  chamber  must  Iw  stayed  to  pi'event  buljriug  and  col- 
lapsing. The  flat  eiitls  above  the  water  line  are  stayed  by  means 
of  long  stay  rods,  similar  to  those  of  a  multitubular  boiler.  The 
ends  are  provided  with  large  Wiishei's  to  ilistribute  the  ]m'ssure 
over  a  large  area.  The  combustion  chamber  plates  are  supported 
by  sliort  Ktay  bolts  secured  by  nuts.     The  top  plate  of  tlie  com- 
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bustion  chamber  is  supported  by  girders  or  crown  bars;  sometimes 
called  "dogs/'  The  tubes  act  as  stays  for  the  tube  sheets,  but  it  is  usual 
toputinafew  tubes  tliicker  than  the  rest,  so  that  they  may  be  screwed 
into  the  tube  slieets  and  secured  by  thin  nuts  on  both  sides  of  the 
plate.  The  stay  tubes  of  Fig.  3  are  uidicated  by  the  heavier 
circles.  Sometimes  solid  bars  or  blind  tubes  are  used  in  place  of 
stay  tubes. 

Manholes.  For  examining  and  repjiiring  the  interior  of  a 
boiler,  manholes  and  handholes  are  provided  where  necessary. 
These  manlioles  are  similar  to  those  of  the  multitubular  boiler. 

The  size  and  number  of  furnaces  depend  upon  the  size  and 
heating  surface  of  the  boiler.  The  large  l)oilers  usually  have 
three  or  four  furnaces  and  tlie  smaller  ones  have  two.  Large  fur- 
naces are  more  efficient  tlian  small  ones  because  the  gitite  area 
increases  directly  as  the  diameter,  while  the  air  spaces  above  and 
below  the  gi-ate  increase  as  the  square  of  the  diameter.  This 
greater  sp:ice  together  with  thc^  greater  inclination  of  the  grate 
bars  aids  combustion.  The  length  of  the  grate  bars  is  nearly  con- 
stant for  all  sizes  of  flue.  It  ha.s  been  found  by  practice  that 
furnace  flues  should  be  between  86  and  54  inches  in  diameter. 
Then  boilers  of  one  furnace  nxay  be  made  up  to  9  feet  in  diameter, 
and  those  over  15  feet  diameter  should  have  four  furnaces.  The 
great  difficulty  in  designing  such  large  boilers  is  to  provide  suffi- 
cient grate  area  for  the  large  heating  surface ;  hence  for  large 
diameters  four  furnaces  are  used  to  avoid  excessive  length  of  grate. 

The  furnace  flue  leads  to  a  combustion  chamber  from  which 
the  products  of  combustion  return  to  the  fi'ont  of  the  boiler 
tln-ough  the  tubes  to  the  uptake. 

A  single  furnac(*  boiler  has  one  combustion  chamber.  A  two 
furnace  boiler  mav  have  a  combustion  chamber  for  each  furnace  or 
a  connnrm  combustion  cliamber.  In  case  there  is  but  one  l)oiler  in 
the  ship  it  is  better  to  have  two  combustion  chambers,  so  that  in 
case  a  tube  bursts  the  boiler  will  not  be  disabled.  If,  however, 
there  ai'e  several  boilers,  it  is  better  to  have  a  common  combustion 
chamber  for  tlie  two  furnaces,  because  the  alternate  stoking  keei)S 
up  a  more  steady  supply  of  steam  and  also  consumes  the  smoke. 
Three  furnace  l)oilers  usually  have  three  combustion  chambers  and 
four  furjiace  boilei-s  generally  have   two.     If  three   combustion 
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chambei*s  are  used  with  four  furnaces,  the  two  more  central  fur- 
naces lead  to  one  only,  while  each  of  the  outside  furnaces  has  one. 
In  designing  a  marine  boiler  the  number  and  size  of  the  flues  is 
important.  Large  flues  are  likely  to  collapse  under  external  pres- 
sure, but  they  allow  a  large  grate.  In  using  a  greater  numl)er  of 
smaller  furnace  flues  instead  of  larger  ones,  the  necessary  grate 
area  can  be  obtained. 

THE  DOUBLE  ENDED  BOILER. 

This  type  of  boiler  has  furnaces  in  botli  ends  with  return 
tubes  over  them  similar  to  the  single  ended  l)oiler.  It  is  practi- 
cally equal  to  two  single  ended  boilers  placed  back  to  back  but 
having  the  rear  plates  removed.  By  thus  saving  the  extra  weight  of 


Fig.  4. 


the  back  plates  and  reducing  the  radiating  surface  a  double  ended 
boiler  is  lighter  and  cheaper  in  proportion  to  the  total  heating  sur- 
face than  a  single  ended  boiler.  The  double  ended  l)oiler  is  often 
made  18  feet  in  diameter  and  about  16  feet  long.  There  are  two 
distinct  classes  of  double  ended  marine  boilera;  those  having  all 
the  furnaces  open  into  one  combustion  chamber  and  those  having 
several  combustion  chambei"s. 

The  boiler  with  one  common  combustion  chamber  is  not  very 
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common  at  present.  If  one  furnace  is  l)eing  cleaned  the  whole 
l>oiler  is  cooled  by  the  rush  of  cold  air.  This  is  the  chief  objec- 
tion to  its  more  general  use. 

A  bettiM*  form  is  that  shown  in  Figs.  4  and  5.  The  opposite 
furnaces  have  a  combustion  ohaml>er  in  common  ;  that  is,  the  com- 
bustion chambers,  as  in  Fig.  ").  are  separated  longitudinally  by 
water  spaces.  Thus  ihe  lx)iler  in  Fig.  5  has  three  combustion 
ciiaml)er8  since  it  has  three  furnaces.  This  kind  of  Ixiiler  is  con- 
siderably used  iM'cause  it  avoids  the  faults  of  the  si njjle  combustion 


Fig.    5. 


chanibor  but  retains  the  good  t\'atur(vs  of  the  double  ended  l>oiler. 
( 'onsideranle  cart^  is  neicssarv  wlien  raising  steam  In^eause  the 
tulles  are  lik(*ly  to  leak  on  account  of  the  unequal  expansion  of 
ilui  tube  sheet.  A  brirk  bridge  wall  called  the  arch  or  deflector 
built  in  the  niiihlle  of  the  combustion  chamlKM*  prevents  the  cold 
air  from  rushing  against  the  oi)posite  tuln.^  j)lat(.'. 

Another  common  form  of  double  eiuh'd  boiler  has  two  com- 
bustion chambiM's.  The  furnaces  at  either  end  have  a  common 
coml)Ustion  chanil)er ;  thesc^  latter  being  separated  by  a  water 
space.  The  backs  of  the  conduistion  chambers  thus  formed  are  large 
and  flat,  and  on  account  of  th(»  l.nLre  nund)er  of  stavs  are  difticult 
to  clean.     In  vessels  of  tic  n  ivy  the;  boilers  are  generally  made 
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with  a  combustion  clmmber  for  each  furnace.  This  foi-rn  is  shown 
in  Figs.  6  and  7,  which  are  sections  of  one  of  the  Imilers  of  the 
U.  S.  S.  "  Texas,"  This  type  is  the  heaviest  juid  most  expensive. 


It  is  similar  to  two  single  ended  boilers,  as  it  h 
tion  chambers  for   :ach  furnace. 


aUNBOAT   BOILERS. 


separate  comlms- 


In  gunboats  and  other  vessels  of  sliplit  draft  there  Is  not 
BufEcient  room  for  a  return  tube  boiler.     The  boilers  used  in  these 
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vessels  are  of  a.  pstrlioular  type  and  suited  to  the  requirenietita. 
The  l>oiler  shown  in  Fig.  8  i-esenibles  lK>th  the  cjlindrical  Iwiler 
and  the  locomotive  boih'r.  It  is  cylindrical  iind  in  external 
appearanee  like   the  retuni  tube  boiler,  except  that  it  is  langei 


Fiji.    T. 

and  of  less  diameter.  The  fire  is  in  ji  fine  wht^li  leads  to  a  com- 
bustion cliamljer.  The  lint  gases  piias  from  the  combustion 
ciiamboi'  through  a  nest  of  stiial!  tubes  to  the  uptake  at  the  front, 
Souietiiues  a  hanging  hriilgr  in  the  comlmstion  chamber  deflects 
and  retards  the  hot  gases.  This  boiler  burns  coal  freely  and 
evaporates  water  quickly  and  efficiently.  The  cliicf  objections  are 
the  Hiuall  heating  surface  for  the  s]>ace  occupied  and  tlic  great 
length. 

Locomotive  Boilers.  This  boiler  was  used  for  launches  and 
torpedo  boats.  It  was  a  convenient  form  and  a  very  light  boiler 
for  the  hcitting  surface.   With  it  forced  draft  was  almost  invariablj 
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used  on  account  of  the  Hinall  grate  areii.     The  funitiee  crown, 
being  Hat,  requires  careful  staying. 

Let  us  leave  the  consideration  of  the  water-tube  boilers  until 
we  liave  finished  the  cylindrical. 


Fig.  8. 
MATERIALS. 

In  marine  work,  the  weight  of  boilers  and  engines  is  inipnrt- 
aiil.  In  the  navy  especially,  the  machini'ry  must  be  as  light  as  is 
consistent  with  strength.  By  using  nialcrial  that  is  very  strong 
and  dunibie  the  marine  engineer  is  able  to  reduce  the  wei'.dit  of 
the  maeliinery.  The  grCat  advance  made  within  the  last  few  years 
is  largely  due  to  the  use  of  superior  materials.  Steel,  which  was 
fomierly  very  scarce  and  expensive,  is  now  made  at  sucli  a  slight 
cost  that  it  is  rapidly  taking  the  place  of  iron  for  niosl  engineering 
purposes. 

The  materials  used  for  Imilers  are  briefly  described  in  "  Con- 
struction of  Boilere."  The  method  of  converting  ciist  ii-on  into 
wrought  iron  and  steel  and  the  various  properties  of  those  metals 
are  discussed  in  "Metallurgy.'" 

The  sii'el  used  for  Iwiler  eoiiatruclion  is  made  by  the  Bessemer 
and  Siemens  processes.  Experiment  shows  that  the  higher  the 
tensile  strength,  the  lower  the  elasticity.  Steel  for  boiler  sheila 
□sually  has  an  elongation  of  about  lo  to  2')  per  cent,  and  a  tensile 
strength  of  45,000  to  00,000  pounds  per  square  ineh.     Kor  the 
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internal  poitioim  ot  the  lioiler,  tlic  mateiiiil  sitoulil  be  somewlmt 
softoi'  in  Older  that  it  may  be  flnnged  and  stand  the  wear  and  tear 
of  manufactitrc. 

In  onler  tn  know  Ihsit  the  iiiateriala  have  the  proi>er  (jiialities, 


--Ls^^ 


8]K;('inn'ii9are  tt'stcd.  The  ivsults  of  tlieac  tests  show  the  ultimate 
tensile  strength,  elastic  limit,  contraction  of  area  and  elongation. 
The  simplest  way  to  test  a  piece  of  iron  bar  or  plate  would 
be  to  fix  it  firmly  at  tlio  upper  end  and  hang  weights  on  the  other 
end,  abiding  other  weights  until  the  Ixir  is  broken.     This  is  but  a 
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crude  method,  and  in  order  that  the  ehistic  limit  and  elongation 
may  be  determined  with  the  tensile  strength,  testing  machines  are 
used.  There  are  a  large  number  of  testing  machines  in  use  but  the 
general  principles  are  the  same. 

Testing  Machines.  The  frame  of  a  testing  machine  has  two 
heads,  to  which  the  ends  of  the  test  piece  are  fastened  by  wedges 
or  other  devices.  One  head  is  drawn  away  from  the  otlier  for 
tensile  tests.  The  pull  is  transmitted  to  some  weighing  device, 
usually  levers  and  knife  edges  like  the  beam  of  ordinary  platform 
scales.  The  power  causing  the  pull  may  be  applied  by  a  lever,  by 
hydmulic  power,  or  by  steam. 

Testing  machines  are  made  for  all  varieties  of  testing  ;  tensile, 
compressive  and  shearing  stresses.  Also  for  deflection  of  beams 
and  for  strength  of  wood,  cement,  brick  and  stone.  Fig.  9  shows 
an  Olsen  testing  machine  designed  for  tensile  and  compressive 
tests  of  iron  and  steel. 

In  order  to  test  materials  test  pieces  or  specimens  are  made. 


H 


■// 


2" 


Fig.  10. 

For  testing  iron  plate  the  test  piece  should  be  at  least  one  inch 
wide,  about  two  feet  long  and  planed  on  both  edges.  Many 
engineers  recommend  these  dimensions ;  but,  according  to  tVie 
lioard  of  Supervising  Inspectors  of  Steam  Vessels,  the  test  piece 
should  be  10  inches  long,  2  inches  wide  and  cut  out  at  the  center, 
as  shown  in  Fig.  10.  According  to  their  rules,  the  width  of  plate 
at  this  reduced  section  shall  Ije  1  inch  if  the  plate  is  -^^  inch  or  under; 
if  any  other  thickness,  the  area  of  cross-section  shall  approximate 
A  of  one  square  inch.  It  shall  not  exceed  .45  square  inch  nor  be 
less  than  .35  square  inch.  The  force  necessary  to  break  the  piece 
is  taken  as  the  proportionate  part  of  the  tensile  strength  per  square 
inch.     Thus  if  the  test  piece  having  a  reduced  section  of  .4  square 


23 


16  MAKINE    BOILERS. 


inch  is  broken  at  19,200  pounds,  the  tensile  strength  of  the  plate  is 

1 9  '^00 
_  "^ '""  -.    z=  48,000.       If  the  tensile  strength  so  determined  equals 

.4 

the  tensile  strengtli  as  stamped  on  the  plate,  the  plate  can  be  used 
in  the  construction  of  marine  boilere. 

To  ascertain  tlit*  tensile  strength  and  other  qualities  of  steel, 
a  test  piece  should  l)e  taken  from  each  plate.  These  test  pieces 
are  made  in  the  form  as  shown  in  Fig.  11.  The  straight  pait  in 
the  center  is  9  inches  long  and  1  inch  wide  ;  and,  to  determine 
elorjgation  it  is  marked  with  light  prick  punch  marks  at  distances 
1  inch  apart ;  the  marked  space  being  8  inches  in  length.  The 
ends  are  from  1  .i  to  2  inches  ])road  and  3  inches  to  6  inches  long. 


. '  i .      .      .  ;  1 


-He* 


^k 


»HCM 


9" 


fxJ5 


Fig.   11. 

According  tf)  the  Rules  of  tlie  Board  of  Inspectors,  the  sample 
must  shr)w,  wlicii  tested,  an  elongation  of  at  least  25  per  cent,  in  a 
length  of  two  in(jli<*s  for  a  thickness  up  to  and  including  ^  inch. 
It  must  have  th<*  samt;  per  cent,  of  elongation  in  4  inches  if  the 
plate  is  r)V(*r  ]  inch  to  ^^  inch  thick  inclusive.  For  all  plates  over 
^^  inch  up  t(^  1  i|  iiK'lics  thick  the  sample  must  show  an  elongation 
of  25  per  cent,  in  (>  inches. 

No  iron  or  steel  phite  having  a  tensile  strength  of  less  than 
45,000  pounds  is  allowed  in  the  construction  of  any  part  of  a 
marine  boiler.  Among  other  rules  of  the  same  Board  are  found 
the  following: 

'*  Iron  of  45,000  pounds  tensile  strength  shall  show  a  con- 
traction of  area  of  15  per  cent,  and  each  additional  1,000  pounds 
tensile  strength  shall  show  1  percent,  additional  contraction  of  area 
up  to  and  including  55,000  pounds.  Iron  of  55,000  T.  S.  and 
upwards  showing  25  per  cent,  reduction  of  area  shall  be  deemed  to 
have  the  lawful  ductility.  All  steel  plate  of  J  inch  thickness  and 
under  shall  show  a  contraction  of  area  of  not  less  than  50  per  cent 
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Steel  plate  over  |  inch  in  thickness,  up  to  |  inch  in  thickness 
shall  show  a  reduction  of  not  less  than  45  per  cent.  All  steel 
plate  over  |  inch  thickness  and  less  than  1|  inches  in  thickness 
shall  show  a  reduction  of  not  less  than  32.5  per  cent." 

'"  No  plate  shall  contain  more  than  .06  per  cent,  of  phosphor- 
ous and  .04  per  cent,  of  sulphur,  to  \ye  determined  by  analysis 
by  the  manufacturei-s." 

"  The  samples  shall  also  be  capable  of  being  bent  to  a  curve 
of  which  the  inner  radius  is  not  greater  tlian  1 J  times  the  thick- 
ness of  the  plates  after  having  been  heated  uniformly  to  a  low 
cherry  red  and  quenched  in  water  of  82°  F." 

In  testing  material  of  other  forms  tiian  plate,  a  stay  rod  for 
instance,  it  is  better  to  test  a  sample  of  the  whole  forging  if  the 
testing  machine  is  of  sufficient  capacity.  If,  however,  the  macliine 
is  too  small  the  test  specimen  may  be  made  in  the  form  of  a  bar 
alx>ut  1  inch  in  diameter  and  18  inches  long  havhig  the  central 
portion  turned  down  to  a  diameter  of  about  |  to  |  of  an  inch. 
The  turned  portion  should  be  about  9  inches  long  in  order  that 
the  prick  punch  marks  for  determining  elongation  may  be  made 
as  described  with  Fig.  11. 

For  testing  the  compressive  strength  of  iron  and  steel  it  is 
usual  to  take  a  short  cylinder  of  the  material  usually  about  an 
inch  in  diameter  and  a  length  equal  to  three  diameters  or  less. 
If  the  specimens  are  long  they  will  give  way  by  bending  rather 
than  by  crushing.  In  most  commercial  tests  the  elongation  is 
taken  as  the  indication  of  ductilitv,  as  the  reduction  of  area  can 
not  Ije  found  as  accurately  without  considerable  difficulty. 

In  testing  for  tensile  strength,  the  results  calculated  from  the 
data  are, 

1.  Tensile  strength  in  pounds  per  square  inch  of  original 
area. 

2.  Elongation^  percent,  of  a  stated  length  (usually  8  inches), 
between  gage  marks. 

3.  Elastic  limit  in  pounds  per  square  inch  of  original  area. 
Stress.     The  number  of  pounds  of  force  applied  per  square 

mch  is  called  the  stress.  If  the  piece  is  under  direct  tension  or 
compression  the  stress  is  considered  uniform  and  is  equal  to  the 
load  divided  by  the  area  of  the  transverse  section.     Thus,  if-  the 
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section  of  the  plate  is  1"  by  y"g"  and  the  actual  stress  is  17,750 

pounds  the  stress  per  square  inch  is  _-'^^-    =  40,570  (aboat) 

•4t>  ^  o 

pounds. 

Ultimate  Strength.  The  maximum  stress  that  a  test  piece 
will  stand  is  called  the  ultimate  strength.  For  ductile  materials 
the  hreaking  stress  is  considerably  less  than  the  ultimate  stress. 
That  is,  when  the  loads  are  gradually  applied  the  total  load  will 
rt^aeh  a  maximum  and  then  the  metal  stretches  so  that  at  the 
moment  of  rupture  the  load  is  much  less  than  the  maximum.  The 
strength  of  iron  and  steel  depends  somewhat  upon  the  rate  of 
testing ;  the  more  rapid  the  application  the  higher  the  stress  as 
recorded  hv  tlie  scale  beam. 

strain  is  the  stretch  per  unit  of  length  of  the  test  piece 
when  in  tension.     If  the  original  length  is  L,  and  the  stretch  or 

eloniration  is  H,  the  strain  becomes      ^  =  b. 

L 

Elastic  Limit.  When  testing  a  piece,  at  fiist  the  stress  and 
strain  are  pn^portional.  Tlie  i)oint  at  which  the  straui  or  stretch 
l>egins  t«)  increase*  more  nij)idly  than  the  stress  is  called  the 
ehistic  limit.  This  limit  is  not  dclinite  ;  it  can  be  determined 
appn^ximaiely  only.  A  load  greater  than  the  elastic  limit  will 
l)roduct;  a  permanent  elongation. 

Stretch  Limit  is  th(^  stress  at  which  the  scale  beam  of  the 
testing  macliine  will  fall  wliile  the  straining  head  is  at  rest. 

Reduction  of  Area.  When  a  test  piece  ruptures  the  area  at 
that  [K)int  i^  much  less  than  the  plate  or  l)ar  beftu-e  testing.  This 
reduction  shows  the  ductilitv  of  the  material :  it  also  shows  the 
property  of  changing  shape  withont  nctual  rupture.  This  is 
imjx)rtant  in  boiler  construction. 

Elongation.  Ductile  materials  stretch  ]>efore  breaking. 
To  measure  the  ultimate  elongation  the  two  broken  pieces  are 
placed  in  a  straight  line  with  the  In-oken  ends  in  contact.  The 
length  betw-en  i)f»ints  can  l)e  measured.  It  is  usual  to  use  8 
inches  as  this  distance.  As  the  jnick  punch  marks  are  made 
l)efore  testing,  the  elonmition  is  easily  detennined.  The  ratio  of 
the  elongation  to  the  original  length  is  called  the  ultimate  elonga- 
tion.     Supjwse  the  distance  b(»tween  the  extreme  prick  punch 
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itttirks  is  H  inulics  Ixrfore  testing  mid  !IJ  iiicltua  after.  Then  the 
Imr  or  [iluto  lias  sti-etehed  1 1  iiidies.  'Hie  ultiniat«  elongation  is 
1  J  -?-  8  =  .234  or  23.4  per  cent. 

Thfik!  various  properties  of  materials  may  be  shown  by 
diagrams.  Fig.  12  shows  the  jdiagram  for  wronght  iron  and  steel 
when  under  tension.  The  unit  stresses  are  taken  as  ordinates  and 
the  unit  elongations  as  abscissas.  For  each  stress  the  correapond- 
sng  elongation,  as  found  by  the  testing  machine,  is  laid  off.  The 
cnrve  is  drawn  through  these  points.  Each  specimen  has  its  own 
curve,  those  shown  in  Fig.  12  being  plotted  from  average  values. 
Since  stn'ss  and  elongation  are  proportional  up  to  the  elastic  limit, 
the  curve  from  the  origin  to  the   elastic   limit  is  a  straight  line. 


Fig.  13. 


At  the  eliistic  limit  the  curve  changes  suddenly  and  the  elongation 
inn-eases  rapidly.  From  the  elastic  limit  to  the  point  at  wliicli 
tlie  piL-ee  breaks  the  stress  is  not  proportional  to  elongjitlon.  The 
end  of  the  curve  indicates  the  point  of  rupture.  Curves  show  the 
properties  of  various  materials.  It  is  seen  that  the  ehistic  limit  is 
not  well  defined  but  can  be  estimated  very  nearly.  These  curves 
may  lie  [ilottetl  from  results  of  tests  or  they  may  l>e  drawn  auto- 
matically by  the  testing  machine. 
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Steel    for    boiler    construction  should    have    the    following 
properties. 

Tensile  strength  '  50,000  to  60,000  lbs. 

Elastic  limit  30,000  to  35,000  lbs. 

Reduction  of  area  50  per  cent,  or  more. 

Elongation  in  8  inches  25  per  cent,  or  more. 

The  mechanical  tests  are  given  in  "  Construction  of  Boilers. 


»» 


BOILER  CONSTRUCTION. 

Shell.  As  the  cylindrical  boiler  is  the  strongest  form  to 
resist  internal  pressure,  it  is  most  extensively  used.  For  this 
reason  we  will  consider  the  construction  of  the  cylindrical  Scotch 
(!)oiler. 

Boiler  shells  are  composed  of  plates  with  riveted  seams.  If 
steel  is  used  tlie  j)lates  may  be  placed  either  lengthwise  or  cross- 
wise with  the  circumference  ;  if  of  iron,  the  plates  should  be 
arranged  so  that  the  fibre  will  extend  around  the  circumference  as 
iron  is  stronger  in  the  direction  in  which  it  is  rolled. 

RIVETING. 

Rivets  are  made  from  bars  of  tough  ductile  iron  or  mild  steel. 
These  bars  are  cut  to  the  i)roper  length  and  each  piece  is  placed 
in  dies  wlii(;h  form  the  tail.  The  tails  of  rivets  are  of  various 
shapes  depending  upon  the  kind  of  riveting,  the  pan-shaped  shown 
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Fig.  15. 


Fia:.  16. 


Fig.  17. 


in  Fig.  13,  and  the  cujv-shaped  shown  in  Fig.  14  being  the  most 
common.  The  cylindrical  portion  called  the  shank  is  tapered  for 
a]K)ut  one-half  the  length  in  order  to  enter  the  holes  easily.  The 
proi)orti()ns  of  rivets  vary  and  there  are  no  standard  sizes. 

The  heads  of  rivets  are  formed  by  knocking  down  the  point 
of  the  shank  with  a  hammer  or  by  means  of  a  riveting  machine. 
Heads  made  by  hand  are  usually  conical  or  cup  shaped,  as  shown  in 
Figs.  13  and  15.  Fig.  14  shows  a  conoidal  headed  rivet.  Coun- 
tersunk rivets  are  shown  in  Figs.  16  and  17,     Rivets  are  tested 
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mechanically  as  briefly  described  in  "  Construction  of  Boilers.** 
Circumferential  or  ring  seams  are  usually  lap  joints  since  the 

tendency  to  rupture  at  these  seams  is  only  one-half  as  great  as  at 

the  longitudinal  seams. 

These  latter  are  usually  double  riveted  and  for  high  pressures 

treble  riveted.     Lap  joints  are  constructed  by  making  one  plate 

overlap  the  other  and  rivet- 
ing them  together.     Fig.  18 

shows  the  most  simple  form 

of  this  joint  and  is  called  a 

single    riveted     lap     joint. 

Double  riveted  lap  joints  may 

have  the  rivets    arranged  as 

shown  in  Figs.  19  and  20. 

The  former  joint  is  called  a 

doable  riveted  lap  joint  with 

chain  riveting,  and  the  latter 

a   double    riveted    lap   joint  ^te-  ^8. 

with  zigzag  riveting.     The  zigzag  riveting  is  a  little  weaker  than 

the  chain,  but  the  joint  is  usually  tighter  and  less  lap  is  required. 
The  efficiency  of  lap  joints  depends  upon  the  pitch  of  the  rivets, 

the  diameter  of  the  rivets,  the  thickness  of  plates  and  the  number 


Fig.  19. 


Fi}j.  20. 


of  rows.  The  eificiency  is  also  somewhat  altered  if  the  plates  are 
drilled  instead  of  punched.  As  there  are  so  many  conditions  we 
can  give  only  rough  average  efiBciencies. 

Lap  joint,  single  riveted,  eflBciency  about  56  % . 

Lap  joint,  double  riveted,  efficiency  about  70  % . 

Lap  joint,  treble  riveted,  efficiency  about  72%. 
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The  probable  efficiency  of  joints  iiiiiy  be  calculated  by  malhe- 
niHtics,  but  tbe  actual  efficiency  can  Ije  obtained  only  by  means  of 
the  testing  machine.  In  testing,  a  piece  of  uncut  plate  (the  size 
of  which  depends  upon  the  cajKicity  of  the  machine)  is  firet  tested. 
Then  a  portion  of  the  joint  of  appifximately  the  same  size  is  then 
tested.  The  ratio  of  the  breaking  strength  of  the  joint  to  that  of 
the  uncut  plate  ia  the  efficiency. 

Longitudinal  seams  are  almost  always  made  with  the 
butt  Joint.     These  joints  are  seldom  single  riveted  because  they 
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are  no  stronger  than  a  double  liveted  lap  joint  and  are  more 
expensive.  If,  however,  they  are  made  with  double  butt  straps 
and  double  or  treble  riveted,  the  joint  shows  a  high  efficiency.  The 
two  butt  stnips  may  l>e  of  the  same  width  or  the  inner  may  lie 
wider  than  the  outer.  Fig.  21  shows  a  double  riveted  butt  joint 
with  two  butt  straps.  A  treble  riveted  butt  joint  is  shown  in  Fig. 
22.     The  following  aie  approximate  efficiences: 

Butt  jiiiiits,  single  riveted,  efficiency  about  65%. 
liiitt  joints,  double  riveted,  efiiciency  about  75%.  ' 

Butt  joints,  treble  riveted,  eHiciency  a1>out  85^. 
Butt  Hti-ajis  are  uannlly  ulwut  the  thickness  of  the  shell  plates. 

FLANGING. 

End  plates  and  nearly   all   the   internal   plates  of  a  marine 
boiler  are  flanged.     This  operation  is  likely  to  weaken  the  plates, 
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if  not  crack  them.  Ductile  iron  and  eteel  can,  with  proi>er  care 
and  good  machinery,  be  flanged  with  little  danger  of  spoiling  the 
plates.  In  flanging,  the  plates  are  heated  locally  which  causes 
internal  stresses  to  be  set  up:  these  stresses  can  be  almost  entirely 
removed  by  annealing.  When  flanging  the  holes  for  tlie  furnaces  in 
the  end  plate,  care  must  be  taken  to  prevent  distortion  of  those 
flan^d  while  the  others  are  being  operated  upon.  The  danger 
is  prevented  if  all   the  holes  are  flanged  at  once    bat    Uiis 
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process  requires  heavy  machinerj-.     When  flanging  end  plates  the 
material  is  likely  to  Ijecome  thin  at  the  curved  portions  ;  to  prevent 
this  suitable  moulds  should  be  used  and  tlie  heat  regulated  <.-are' 
fuUy. 

STRENQTH  OF  SHELL. 
The  rules  for  the  construction  of  the  various  parts  of  the 
marine  boiler  as  given  by  engineers,  writers  and  legislation  do  not 
agree.  If  a  boiler  is  made  in  England  it  must  conform  to  the 
rules  of  the  Board  of  Trade  or  Lloyd's  Registry.  For  boih-rs  built 
inthe  Unit.:d  States  tlie  rules  given  by  the  Board  of  Supeivisitig 
InKjMJCtnrs  of  Steam  Vessids  must  be  followed.  In  the  ?^avy,  lioilers 
are  constructed  from  rules  by  the  Naval  nejiartment  or  fii.m  a 
s[)ecial  act  of  ('ongre&-!.  The  above  rules  differ  simicwliat,  but  :ill 
boilera  must  have  paiid  which  do  not  vary  mucli  froa:  the  requLsite 


24  MARINE    BOILERS. 

As  stated  in  "  Construction  of  Boilers,"  the  shell  tends  to 
rupture  longitudinally  ;  the  resistance  being  the  two  sections  of 
metal  at  the  sides. 

In  "  Construction  of  Boilers  "  we  stated  the  following  formulas 
for  the  strength  of  shell, 

2tSE 


p=. 


t  = 


2  SE 

p  =  working  pressure  in  pounds  per  square  inch. 
t  =  thickness  of  shell  in  fractions  of  an  inch. 
S  =  tensile  strength  of  material. 
/  =  factor  of  safety. 
D  =  diameter  of  boiler  in  inches. 

This  formula  is  the  same  as  that  given  by  the  English  Board 
of  Tnide. 

Suppose  a  single  ended  Scotch  marine  toiler  is  13  feet  6 
inches  in  diameter.  The  shell  plates  are  1^^  inches  thick  and  the 
joints  have  an  efficiency  of  .81.  If  the  tensile  strength  is  60,000 
pounds  and  a  factor  of  4.5  is  used  what  is  the  working  pressure  ? 

^  /D 

_.  2  X  f  I  X  60,000   X    .81 

4.5  X  162 
=  137.5  pounds. 

The  formula  given  by  the  Board  of  Supervising  Inspectors  of 
Steam  Vessels  is,  using  the  notation  above, 

_  e  X  2  X  S 

^  6  X  D     ' 

Add  20  per  cent,  if  the  longitudinal  seams  are  double  riveted. 

Then  for  the  boiler  whose  dimensions  are  given  above,  the 
working  pressure  is, 

3  3  X  2  X  60,000 
^  6  X  162 

=  127.3  and  20  per  cent,  additional  gives 
p  =  162.76. 
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This  formula  does  not  allow  for  the  kind  of  joint,  the  only 
distinction  being  single  and  double  riveting. 

Factor  of  Safety.  A  steam  boiler  should  be  very  strong  in 
order  to  provide  for  defects  in  material  and  workmanship,  wear 
and  tear  of  manufacture,  and  when  under  steam,  wasting  by  corro- 
sion. For  these  reasons  there  should  be  considerable  difiference 
between  the  working  pressure  and  the  bursting  pressure.  This 
difference,  or  the  ratio  in  which  the  bursting  pressure  exceeds  the 
working  pressure  is  called  the  factor  of  safety.  When  the  material 
and  workmanship  is  moderately  good  the  factor  may  be  about  6. 
In  case  the  material  is  good,  the  boilers  well  made  and  cared  for 
but  not  often  inspected  the  factor  should  be  about  5.  If  material 
and  workmanship  is  high  class,  the  boilers  well  made  and  regularly 
inspected  the  factor  may  be  about  4^.  The  factor  should  never 
be  less  than  4. 

End  Plates.  There  are  several  methods  of  connecting  the 
end  plates  to  the  shell.  TJiose  methods  which  use  a  flanged  end 
plate  are  by  far  the  best.     The  flange  is  usually  placed  inward  as 
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Fig.  23.  Fig.  24. 

shown  in  Fig.  23  ;  but  for  small  boilers  it  is  sometimes  placed  out- 
side, shown  in  Fig.  24,  to  facilitate  riveting.  In  some  cases  the 
shell  plates  are  flanged.  This  has  some  bad  features  among  which 
may  be  mentioned  ;  the  difficulty  of  flanging  the  thick  plate,  the 
tendency  of  the  pressure  to  straighten  out  the  flange  and  the  low 
strength  necessary  for  the  desired  ductility. 

The  quality  of  iron  or  steel  for  end  plates  depends  upon  the 
amount  of  flanging  to  be  done.  If  tlie  circular  edges  and  the 
holes  for  the  furnaces  are  to  be  flanged  the  material  should  be  very 
ductile  to  prevent  injury.  The  thickness  of  the  end  plates  is  less 
than  that  of  the  shell  plates.     It  is  dependent  upon  the  pitch  of  the 
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stays ;  the  eud  is  usually  made  up  of  two  or  three  plates.  As  the 
pitch  of  the  stays  in  the  steam  space  is  greater  than  that  of  the 
tubes  the  end  plate  of  the  steam  space  should  be  thicker  tlian  the 
tube  sheet.  However,  they  are  often  made  the  same  thick- 
ness and  the  top  plates  stiffened  by  lai-ge  washers.  End  plates 
ai-e  from  -^^  to  |  inch  thick.  Sometimes  they  are  made  thicker 
in  order  to  avoid  fitting  nuts  and  washers  to  screw  stay  bolts,  and 
the  heavy  reinforcing  about  manholes. 

FURNACE5. 

In  the  rectangular  boilers  the  furnaces  were  made  square  or 
rectangular  having  the  comers  rounded.   This  form  is  not  suitable 

for  high  pressures  so  the  furnaces  of  Scotch 
boilers  are  always  made  cylindrical  as  it  is 
the  bejjt  form  to  resist  uniform  external  pres- 
sure. The  furnace  flues  should  be  as  thin 
as  the  external  pressure  will  permit.  Thick 
plates  are  more  likely  to  blister  and  become 
injured  by  heat  than  thin  ones.  A  mild  quality  of  steel  is  per- 
haps the  best  material  to  use.     It  is  important  that  the  furnaces 


Fig.  25. 


¥i*i.  20. 


Fig.  27. 


should  b6   as   nearly  a  true  circle  as  possible,  as  any  deviation 
causes  a  great  increase  of  deformity  through  external  pressure. 

In  "  Construction  of  Boilers,"  Fairbain's  formula  for  the 
strength  of  flues  is  given.  Tlie  formula  for  long  furnaces  given  by 
the  Board  of  Supervising  Inspectors  of  Steam  Vessels  is, 

p  _    80,000  X  t^ 
in  which  P  =  working  pressure  in  pounds  per  square  inch,  t  =r 
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thickness  of  flue  in  inclies,  L  =  length  in  feet  and  D  ^  outside 
diameter  in  inches.     In  this  formula  L  is  not  to  exceed  8  feet.    - 

In  case  the  flue  is  made  with  rings  riveted  to  the  flue,  L  is 
taken  ns  flie  distance  between  rings. 

What  ie  the  allowable  pressure  on  a  furnace  flue  6  feet  long, 
42  inches  in  diameter  and  ^  inch  thick? 

p    _  89,600  (=   _    89,600  X  .25 


LX  D 

Furnace  plates  are 
^f  to  -j^g  beiug  common. 


^ -^ —  =  88.9  pounds. 

6  X  42  ^ 

made  from  |  inch  to  |  inch  in  thickness 


If  ^  inch  is  not  sufficiently  thick  for  the  length  some  means 
of  sti-engtliening  is  employed, 

A  section  of  Adam- 
son's  flanged  scam  is  \ 
shown  in  Fig.  25.  On 
the  end  of  each  belt 
external  flanges  ( 
formed  which  are  riveted 
together  with  a  wrought 
iron  ring  between  them. 
The  radius  of  the  flanges 
should  not  be  less  than 
I  inch  and  a  greater 
nidius  h  bett«i.  This  form  of  joint  maki-s  the  flue  rigid  ciicum- 
fert'titially  and  elastic  longitudinally.  Fig.  20  shows  the  section 
of  a  ring  made  of  angle  ii-on,  Tliis  ring  is  alxmt  ^"  X  3"  X  j". 
The  ring  is  riveted  to  thu  flue  at  intervals  ;  fernilcK  bi'iiig  placed 
between  so  thiit  the  watnr  spiice  is  about  1  inch.  SomL'tiiiii's  the 
ring  is  made  in  two  parts  and  bolted  together.  Another  method  is 
to  make  them  in  one  piece  and  weld  the  ends.     The  seetiou  of  a 
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welded  ring  of  T  iron  is  ahown  in  Fig,  27,  The  ring  is  riveted  to 
the  ends  of  tlie  flue  sections  which  are  not  flanged.  Tliis  method 
provides  for  calking  on  both  inside  and  outside.  Such  a  form  of 
joint  does  not  i-equire  flanging ;  hut  as  flanging  is  easily  done  with 
modern  machinery  and 
all  good  l»oiler  plate  will 
stand  it,  these  forms  do 
not  offer  that  advantage. 
The  best  form  for  lon- 
gitudinal expansion  is 
that  shown  in  Fig.  28, 
called  the  bowling  hoop 
ring. 

All  these  forms  ex- 
cept the  Adamson's  ring 
have  jointH  ho  arranged  that  the  rivet  heads  are  exposed  to  the 
fire.  Tlioy  Imve  also  tlio  disadvantage  of  the  projecting  rings 
which  prevent  the  flues  from  being  jtlaced  near  the  shell 
platiiH. 

*J'()  ovt-rcorne  the  above  disadvantage,  the  furnace  flues  are 
forged  with  corruga- 
tions or  ri<lgeH.  Perhaps 
the  most  used  form  is 
that  called  tint  Vox  fur- 
nace shown  in  Fig.  20. 
TlntHH  corni  gat  ions  are 
alwut  fi  iiicliGH  center 
to  center  and  1^  inches 
deep.  Another  form  of 
furnace  is  tlie  I'nrves, 
shown  in  Fig.  80.  The 
Tlie  Moriaon  furmice  in  shovrn  in  Fig.  31,  and  the  Holmes  in  Fig. 
82,  These  furniice  flues  are  made  on  the  principle  of  the  bowling 
hoop  but  with  the  hoop  not  separate  from  the  plates.  The 
Ilolniu.s  bus  few  corrugations  and  is  rigid  longitudinally  but  is 
not  as  -strong  to  resist  pressiue  as  the  Fox ;  consequently  the 
latter  may  l>e  made  tliinner  ttiun  the  former.  A  corrugated  fur* 
trace  has  about  25  per  cent,  more  heating  sui-face  than  the  pliun 
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flue.  On  account  of  the  expansion  and  contraction,  scale  ia 
loosened  from  the  corrugations  of  the  Fox  furnace ;  hence  it  is 
called  a  "  self-cleaner  "  of  scale. 

The  formula  for  the  working  pressure  for  these  furnaces  is, 

p    _    C  X  < 
D~' 

in  which  P  ^  the  working  pressure,  t  ==  the  thickness  in  inches^ 
D  =  the  outside  diameter  measured  to  the  bottom  of  the  corruga- 
tions and  C  =  a  constant. 

C  =:  14,000  for  Fox  corrugations. 
C  =  14,000  for  Purves  corrugations. 
C  =  13,500  for  Morison. 
C  =    8,800  for  Adanison's  rings. 

C  =    5,677  for  plain  flues  three  feet  in  length  and  between 
16  and  40  inches  diameter. 

What  is  the  necessary  thickness  of  a  Fox  furnace  8  feet  long, 
40  inches  in  diameter,  with  a  working  pressure  of  165  pounds? 

p  =  ^.       t  =  LR 

D  C 

t    =   ^^^  X  ''  =  .47  inch. 
14,000 

If  the  thickness  is  made  |  inch  the  allowable  pressure  is  175 
pounds,  because, 

P  =   ^  X  ^  =    14,000  X  .5  ^  ^^r^ 
D  40 

According  to  the  Board  of  Supervising  Inspector's  this  formula 
applies  only  to  those  furnaces  whose  conugations  do  not  exceed  8 
inches  from  center  to  center  and  the  plain  parts  at  ends  is  not 
more  than  9  inches. 

ilethods  of  Connecting  Furnaces  to  End  Plates.  Three  forms 
of  furnace  connection  are  shown  in  Figs.  33  to  3").  In  Fig.  33  the 
furnace  is  flanged  to  meet  the  front.  This  is  better  than  any  form 
of  angle  iron  but  it  hjis  the  defect  that  the  pressure  tends  to  open 
the  joint.  If  this  form  is  used  the  radius  of  flan<(e  should  not  l)e 
less  than  IJ  inches.     In  Fig.  34  is  shown  the  method  of  flanging 
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the  end  plate  inward  to  meet  the  furnace.  This  method  gives  a 
good  appearance  to  the  front  of  the  boiler  and  allows  si)ace  for 
manholes.  Flanging  the  plate  outwai^d  as  shown  in  Fig.  35  is 
used  more  for  small  boilei"s.     For  this  flanging  the  plates  must  lye 

of  good  quality.  .  Mild 
steel  is  the  best  material, 
as  it  can  be  flanged 
readily. 

The  longitudinal 
joints  of  furnaces  are 
usually  welded.  In  case 
the  joints  are  riveted, 
the  butt  joint  with 
double  stmiki  and  single 
riveting  should  be  used. 


Fiir.  a2. 


Steel    furnaces    iire.    ulinost  always  welded. 

COMBUSTION  CHAHBERS. 

The  Combustion  Chamber  is  the  space  into  which  the  hot 
gases  from  the  furnace  pass  and  where  the  hydrocarbons  ai*e 
burned.     Its  volume  depends  upon  the  size  of  the  furnace  flues. 


Fiix.  'Ml. 


Fii;.  :U. 


F!g.  35. 


The  capacity  of  this  chamber  alM)ve  the  gratis  Iwrs  is  usually 
made  about  (Mjual  to  the  capacity  of  the  furiiacte  for  a  single  ended 
l)oih»r.  For  a  double  ended  boiler  having  a  combustion  chamlxjr 
common  to  opposite  fnrnac<»s,  the  volume  of  the  combustion 
chamber   should   equal  thiee-fourtlLs   of   the   combined    volumes 
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of  the  two  furnaces.  In  the  single  ended  boiler  the  length  of  the 
combustion  chiind)er  is  made  about  two-thirds  of  the  furnace 
diameter. 

The  top  plates  of  combustion  cliambei-s  are  generally  flat  in 
double  ended  l)oilersand  either  flat  or  curved  in  single  ended.  The 
flat  tops  require  more  staying  than  tl^  curved,  but  they  increase 
the  volume  slightly. 

The  side  plates  curve  with  the  boiler  shell  as  shown  in  ¥ig. 
7.  The  front  plate  of  the  combustion  chamber  is  the  rear  tube 
sheet ;  the  l)ack  plate  is  flat 
and  is  nearly  parallel  to  the 
l)ack  plate  (if  single  ended) 
or  arninged  as  shown  in 
Fig.  ♦>. 

The  plates  of  combus- 
tion chambers  are  from  J  inch 
to  2  ii^ct  thick.  The  top  and 
bottom  plates  are  often  made 
a  little  thicker  to  reduce  the 
staying  and  to  allow  for  wear. 
All  joints  of  combustion 
ehaml)er8  are  made  by  rivet- 
ing the  flanged  edges.  The 
joints  should  Ije  so  arranged  that  no  rivets  or  edges  of  plates  are 
exposed  to  the  direct  action  of  flame,  and  also,  so  that  there  will 
not  be  a  ledge  formed  upon  which  sediment  may  collect  and  cause 
corrosion. 

TUBES. 

The  tubes  for  marine  boilers  are  made  of  wrought  iron  or 
steel  and  are  from  2|  to  4  inches  in  external  diameter.  The 
length  varies  from  25  diameters  for  natural  draft  to  about  40 
diameters  for  forced  draft.  In  boilers  of  the  U.  S.  Navy  the  tul)es 
are  alx)ut  2|^  inches  in  diameter  and  6|  to  7  feet  long.  The  thick 
ness  of  the  tubes  depends  upon  the  material  and  the  diameter. 
The  table  on  page  32  gives  the  principal  dimensions  of  lap-weldod 
wrought  iron  boiler  tubes.  Steel  tubes  can  be  obtained  -  solid 
irawn,"  that  is,  without  any  joint.     The  tubes  are  often  made 
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LAP  WELDED  BOILER  TUBES. 
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slightly  larger  at  the  front  end  in  order  that  they  may  be  easily 
i-emoved ;  about  ^^  inch  gfreater  diameter  is  sufficient. 

Tubes  are  usually  expanded  in 
the  tube  sheets  as  explained  in 
**  Construction  of  Boilers."  The 
tubes  are  usually  arranged  in  horizon- 
tal and  vei-tical  rows  and  not  stag- 
gered. In  the  same  boiler  it  is  well 
to  have  about  the  same  number  of 
tubes  for  each  furnace. 

The  tube  sheets  are  usually  from 
-^^  inch  to  I  inch  thick.  In  large 
boilers  with  high  pressure  the  tube  sheet  may  be  |  inch  thick. 

Stay  Tubes.     In  order  to 
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Fig.  37. 
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Fig.  38. 


prevent  the  tube  sheets  from 
bulging,  thereby  causing  leaks 
at  the  tube  ends,  a  few  of  the 
tubes  (Fig.  36),  are  fitted  as 
stay  tubes.  These  tubes  are 
made  of  the  same  external  diam- 
eter as  the  ordinary  tubes  but  of 
greater  thickness.  This  extra 
thickness  allows  threads  to  be 
cut  on  the  ends  and  rivets 
fitted.  There  are  usually  14  threads  per  inch.  Stay  tubes 
are  usually  about  \  inch  thick ;  the  threads  may  be  formed  on 
the  tube  as  shown  in  Fig.  37,  or  the  end  may  be  made 
larger  as  shown  in  Fig.  38.  Frequently  the  threads  are  cut  at 
both  ends ;  both  tube  plates  are  tapped  and  the  tubes  screwed 
in.  When  both  ends  are  threaded  one  end  must  be  smaller  than 
the  other  so  that  it  may  be  slipped  through  the  hole.  The  back 
end  is  beaded  over  or  nutted  and  the  front  end  fastened  with 
shallow  nuts.  Sometimes  two  nuts  are  placed  on  the  front  end ; 
one  inside  and  one  outside  of  the  boiler  plate. 

STAYS. 

All  plates  of  a  boiler  that  are  not  cylindrical  or  hemisphericiil 
must  be  stayed.  This  is  done  by  means  of  rods  called  stays. 
There  are  many  methods  of  staying ;  the  same  flat  surfaces  of  one 
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boiler  even  may  be  stayed  in  different  ways.  The  stays  for  each 
boih*r  are  designed  especially  for  that  boiler  according  to  the 
experience  and  judgment  of  the  engineer. 

Stay  bolts.     The  back  and  side    plates  of  the  combustion 
chamber  of  the  cylindrical  retain  tube  marine  boiler  are  flat  or 
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Fig.  39.  Fig.  40. 

nearly  so.  These  plates  are  stayed  to  the  sides  and  Imck  of  the 
l)oiler  by  niciins  of  short  screw  sUiy  lx)lts  which  are  turned  down  in 
tlie  center.  These  bolts  are  screwed  in  place,  calked,  and  then 
fsistiMied  by  shallow  nuts  lis  shown  in  Fig.  39.  The  nuts  should  bo 
of  about  the  same  thickness  us  the  plates  :  also  they  should  be  set  up 
tight  without  any  washers,  lead,  or  cement.  In  some  cases,  however, 
a  beveled  washer  is  necessary  ;  this  is  shown  in  Fig.  40.  When- 
ever these  washei*s  are  used  the  tai)er  should  l)e  slight. 

The  nuni])er  of  sbiys  depends  upon  the  working  pi-essure, 
thickness  of  phite  and  the  j)itch  of  the  sta>s.  They  are  usually 
arranged  in  horizonUil  and  vertical  rows.  The  shoii;  sci*ew  stays 
are  from  1 J  to  1  \  inches  in  diameter  and  are  supplied  with  a  fine 
thread.  The  pitdi  of  the  screw  threads  varies  a  little;  a  fine 
thread  gives  a  large  effective  diameter  but  if  the  plates  bulge 
l)etween  the  stays  only  a  few  threads  remain  in  contact  with  the 
plate.     This  difficulty  is  largely  overcome  by  nuts. 

An  equation  for  determining  the  distance  between  the  stays  is, 


a2  = 
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in  wliich  a  =  distance  between  stays,  t  =  thickness  of  the  plate, 
S  ==  stress  in  tlie  plate,  and  p  =z  working  pressure. 

Suppose  the  plates  are  |  inch  tliick,  the  working  pressure  is 
160  jx)un(ls  and  the  stress  is  5,500  j>ounds,  then, 

^  X  (D'  X  />,r)00 


a"   - 


2  X  lt50 
=  00.42  sq.  in. 
a  =  7.77  inches. 

The  Rules  of  the  Hoard  of  Supervising  Inspector  of  Steam 
Vessels  give  the  following.  For  plates  -^^  inch  and  under  to  find 
tlie  working  pressure,  multiply  112  by  the  square  of  the  thick- 
ness in  sixteenths  and  divide  the  product  by  square  of  the  pitch 
of  the  stays. 

Example.  Plates  -^^  inch  thick  and  the  stays  6  inches  apart ; 
what  is  the  working  pressure  ? 

112  X^  ^  jg2.44  pounds. 
36 

For  plates  over  -^^  inch  thick  the  constant  is  120  instead  of  112. 
Example.     Plates  |  or  |g  inch  thick  and  the  stays  8  inches 
apart ;    what  is  the  working  pressure  ? 

—^ =  187.5  pounds. 

()4  ^ 

If  the  sttiys  have  nuts  on  lx)th  the  inside  and  outside  of  the 
plates,  the  constant  is  140. 

Example.  Plates  ^^^  inch  thick  and  the  holts  10  inches 
apart ;    what  is  the  working  pressure  ? 

140  X  SI        -.Q  ,  1 
=z  113.4  ])ounds. 

100  ^ 

Through  Stays.  The  flat  ends  of  cylindrical  boilers  are 
stayed  in  many  different  ways.  We  have  seen  liow  tlie  back  plates 
are  stayed  to  the  combustion  chamber  by  short  screw  stiiys  ;  also 
that  the  tube  sheets  are  held  together  by  the  tulles,  a  few  of  whicli 
are  fastened  with  nuts.  Tn  the  steam  space  are  placed  tlirougli 
stays  or  diagonal  stays.  Most  marine  boilers  are  short  ;  therefore, 
the  throuirh  stavs  are  ef^nerallv  used.  Tliese  stays  are  usually 
plain  rods  1|  to  2|  inches  in  diameter.  The  ends  are  fastened  to 
the  plates  by  nuts  and  washers  as  shown  in  Figs.  41  and  42.    The 
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large  washera  are  used  to  secure  a  gi*eater  bearing  surface  ;    they 
are  usually  riveted  to  the  end  plates. 

These  stays  l>eing  in  the  steam  space  should  l)e  at  least  14 
inclies  apart  so  that  a  man  can  piuss  In^tween  them.  The  tlireads 
at  the  ends  may  l)e  cut  on  the  jilain  rod  or  the  ends  may  Ik*  forged 
larger  and  the  tlii'eads  cut  on  the  enlarged  })ai't.  In  onler  to 
reduce  the  number  of  st4iys  the  heads  of  the  boiler  may  Ix*  curved 
as  shown  in  Fig.  48.     This  form  reduces  the  volume  of  the  ste^m 


Fig.  41. 


Fig.  42. 


space  but  gives  a  stronger  l)oiler.  This  construction  is  used  in  the 
U.  S.  Navv  to  some  extent. 

Tlie  size  and  numl)or  of  through  stiiys  depends  upon  the  pres- 
sure and  the  thickness  of  the  plates.  Tin*  spacing  of  the  stays 
depends  ui)on  the  size  and  form  of  the  i)articular  boiler.  The 
diameter  of  the  stiiys  should  l)e  calculated  to  give  a  section  suflB- 
cient  to  bear  the  load.  Stays  should  not  have  a  load  of  more  than 
6000  j)ounds  per  square  inch  if  of  wrought  iron,  and  9000  if  of  steel. 

For  long  boilers  the  flat  ends  may  be  stayed  to  the  shell  plates 
by  means  of  diagonal  or  gusset  stays  as  described  in  "  Construction 
of  Boilers/' 
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Girders.  Tlie  tops  of  the  combustion  chamlxjrs  are  generally 
flat.  To  support  this  flat  surface  the  girder  or  crown  bar  is  used. 
The  usual  forms  liave  been  discussed  in  "Construction  of  Boilers/' 

The  English  Board  of  Tmde  give  the  following  formula  for 
calculating  the  working  pressure, 

"TW  —  V)  i^xlT  ^  ^""^^'"'^  pressure 

W  =  width  of  combustion  chamber  in  inches. 
P  =.  pitch  of  bolts  in  girder. 

D  =  distance  between  girders  from  center  to  center  in  inches. 
L  =  length  of  girder  in  feet. 
T  ^=:  thickness  of  girder  in  inches. 
N  =  number  of  supporting  bolts. 
d  =z  depth  of  girder  in  inches. 

C    =  — p — - — ,     if  the  number  of  bolts  is  odd. 

N  +  1 

C    =  ^i — 4^ — ^-- ,    if  the  number  of  l)olts  is  even. 

N  +  2 

Din  ENSIGNS  GF  A  BGILER. 

The  diameter  of  a  return  tube  cylindrical  boiler  is  largely 
dependent  upon  the  necessary  grate  area.  The  diameter  of  a  fur- 
nace is  limited  on  account  of  the  danger  of  collapsing  ;  the  length 
of  the  grate  is  also  limited.  Hence  to  increase  the  grate  area  there 
must  be  more  furnaces.  If  another  furnace  is  added  tlie  diamotor 
of  the  boiler  must  be  increased. 

In  order  to  fix  the  area  of  the  ^rate  the  amount  of  steam  re- 
quired per  hour  should  be  known,  at  least  apj)roximately.  One 
{K)und  of  good  coal  will  evaporate  10  pounds  of  water  iu  an 
ordinary  marine  lx)iler.  If  the  coal  is  of  ordinary  quality  only 
alKJUt  8  pounds  of  water  can  l)e  evaporated  per  pound  per  hour. 
The  amount  of  coal  burned  per  square  foot  of  grate  (natuml  draft) 
is  al>out  20  pounds ;    with  good  stoking  25  pounds. 

Hence,  for  good  conditions  (natural  draft)  the  amount  of 
water  evaporated  per  square  foot  of  grate  is  10  X  25  =  250 
pounds.  From  this  the  size  of  the  grate  can  be  calculated.  Thus, 
if  the  engine  ases  15,000    pounds  of   steam  per  hour  and  the 
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eva[>f>ration  i»   2f>0  [rounds   j)er  sqnare  foot,  the  ti>tal  ^rrate    i.r»*a 
mrwt  lie    . '  '*^.  -  =  60  square  feet.     Then  if  tli**  fiimiic*^  ar^  -I*!' 

inf-h^-M  in  diam^'t^jr  aud  the  ^rate  bars  are  6  feet  loii»:f,  the  naiu'rjer 
of  fiinia^'es  \vonI«l  Ik*,       .     =.  3. 

G  X  H 

If  forr^f^l  draft  Ls  us<mI  tlie  numljer  of  {)Oun«l2»  of  coal  burned 

[ler  sqnare  ftwt  per  hour  may  Iv 
j^reatly  increase^!  ;  the  amount  Lein^ 
from  2o  to  75  pounds.  This  increases 
the  eva|>oration  per  square  fdH  and 
consequently  the  grate  area  eaii  be 
reduced. 

Heating  Surface.  All  surfaces 
of  the  l)oiler,  which  transmit  heat  to 
the  water,  are  heating  surfaces.  In 
calculating  the  total  heating  surface 
of  a  marine  l)oiler,  the  sum  of  the 
y.     ^^  following  i)art8  is  taken. 

Furnace.  The  surface  of  tlie 
upp<;r  hjilf  of  the  furnace ;  or  the  part  above  the  level  of  the 
grate  bam. 

ComhiiHtion  (Jhamher.  The  part  al>ove  the  level  of  the 
hridgert,  including  the  actual  area  of  the  bick  tube  plate. 

TiiheB,  Th(;  external  surface  of  the  tubes  measured  between 
the  tube  slieets. 

The  front  tu})e  sheet  is  not  considered  heating  surface. 

The  total  heating  surface  of  marine  boilers  is  from  25  to  38 
times  the  grat^i  area.  For  U.  S.  battleships  and  cruisei'S  it  is  from 
30  to  35. 

The  area  of  the  tubes  is  about  .85  of  the  total  heiiting  surface. 

Area  through  Tubes.  The  combined  internal  area  of  the 
tulM»s,  or  tlio  area  tlu'ough  which  the  liot  gases  and  smoke  pass  to 
th(»  uptake,  is  g(»nerally  from  I  to  i  the  area  of  the  grate.  Too 
small  an  arra  checks  thednifl,  especially  if  the  tul)es  have  l)ecome 
ijhoked  with  soot  and  ashes.  Too  large  an  ai*ea  permits  a  slow 
velocity  of  the  gases,  which,  although  it  gives  time  for  heat  to  jiass 
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to  the  water,  also  allows  soot  and  dust  to  form  in  the  tubes  and 
reduce  evajwrative  eflRciency. 

Steam  Space.  The  distance  from  the  top  row  of  tubes  to  the 
top  of  the  shell  is  generally  from  .25  to  .30  of  the  boiler  diam- 
eter. If  the  tubes  are  too  high  the  steam  space  will  be  con- 
tracted and  the  water  sui-face  reduced.  Priming  may  he  caused 
by  too  small  a  water  surface  as  well  as  by  a  contracted  steam 
space. 

The  necessary  volume  of  the  steam  space  depends  upon  the 
amount  of  steam  used  in  a  given  time.  If  the  steam  space  is 
small  the  admission  of  steam  to  the  cylinders  is  likely  to  cause  a 
drop  of  pressure  in  the  boiler,  which  in  turn  causes  a  rapid 
evaporation  at  the  time.  Excessive  ebullition  causes  priming.  A 
slow  speed  engine,  which  takes  steam  at  intervals,  requires  a  larger 
steam  s|>ace  in  the  boirer  than  does  a  high  speed  screw  engine 
which  uses  steam  at  such  frequent  intervals  that  the  flow  is  nearly 
constant. 

The  volume  of  the  steam  space  varies  with  different  condi- 
tions. For  fcist  running  screw  engines  there  should  be  about  ^ 
cubic  foot  jHn*  I.  H.  P.  of  the  engine.  This  space  may  be  made 
nuich  less  if  forced  draft  is  used.  Volume  of  steam  per  stroke  and 
not  weight  determines  the  size  of  the  steam  space,  hence  the 
higher  the  pressure  the  less  the  steam  space. 

Water  Spaces.  The  spaces  between  the  various  parts  of  the 
lx)iler  should  be  sufficiently  large  to  allow  good  circulation.  The 
spaces  Ixitvveen  nests  of  tul)es  should  be  10  or  12  inches  in  order 
that  a  man  mav  enter  and  clean  the  tubes.  Between  the  furiiacc^s 
and  between  the  furnaces  and  shell  the  spac'e  should  not  he  less 
than  6  inches.  The  space  between  the  back  plates  of  tlie  com- 
bustion chamber  and  the  shell,  or  the  back  plates  of  the  coinbus- 
tion  chambers  if  double  ended,  should  taper  from  al)out  (3  inches  at 
the  bottom  to  about  9  or  12  inches  at  the  top.  The  larger  spa<'e 
at  the  t<^)p  is  for  the  greater  volume  of  the  heated  water  and  steam. 
If  spaces  are  less  than  6  inches  they  are  hard  to  clean  and  the 
circulation  is  likely  to  be  poor. 

Size  of  Boiler.  Now  tliat  the  area  of  tuln^s,  size  of  t*-rate, 
area  of  heating  surface,  volume  of  combustion  chamber  and  steam 
space  are  known^  the  size  of  the  boiler  can  be  determined. 
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In  general,  the  boiler  should  have  1|  to  2  cubic  feet  of  vol- 
ume per  I.  H.  P.  for  natural  draft  and  1^  to  1 J  for  forced  draft. 
However,  no  fixed  rules  can  be  given,  as  each  boiler  is  designed  for 
the  given  conditions  and  these  may  vary  considerably.  Low  pres- 
sure demands  a  larger  boiler  than  high  pressure.  Boilers  for  ships 
in  merchant  marine  and  those  designed  for  long  voyages  have  lar^e 
boilers. 

Area  of  Uptake  and  Funnel.  In  determining  the  size  of  the 
funnel  many  conditions  are  considered.  The  funnel  is  often 
designed  to  suit  the  appearance  of  the  ship.  Some  engineers 
prefer  a  small  high  funnel  while  others  have  a  tendency  to  use  a 
short  funnel  of  large  diameter.  The  best  diameter  is  fixed  bv 
rules  Ixised  on  successful  pi-actice. 

The  area  of  the  funnel  is  from  |  to  1  that  of  the  grate.  In 
the  navy  the  funnels  are  made  as  small  as  possible  for  obvious 
reasons.  The  principal  reasons  for  reducing  the  size  of  the  funnel 
in  the  merchant  marine  are  wind  pressure,  cooling  action  of  wind 
and  appearance.  A  funnel  I  to  ^  the  area  of  the  grate  and  whose 
top  is  about  40  feet  above  the  grate  will  generally  give  good 
results. 

When  forced  draft  is  used  the  funnel  may  be  made  shorter 
and  smaller.  In  the  navy  the  top  of  the  funnel  is  about  75  feet 
above  the  grate.  Funnels  are  usually  circular  in  section  but 
sometimes  are  made  oval.  They  are  made  of  plate  iron  with  lap 
or  single  butt  joints,  the  butt  strap  being  on  the  inside. 
The  plati^'s  should  l)e  thicker  at  the  bottom  tlian  at  the  top. 
For  naval  vessels  the  funnel  plates  are  usually  of  steel  and  are 
made  as  liglit  as  possible. 

ilanholes.  Manholes  and  handholes  are  very  similar ;  the 
chief  difference  being  that  of  size.  The  uses  and  general  con- 
struction has  been  descril^ed  in  ''  Construction  of  Boilers."  There 
sliould  \)e  one  or  more  manholes  of  a  size  at  least  12  X  15  inches 
in  every  marine  boiler.  There  is  usually  one  in  the  shell,  in  the 
steam  si)ace  ;  two  or  more  are  usually  placed  in  the  end  of  a  single 
ended  boiler  and  in  each  end  if  the  boiler  is  double  ended.  The 
hole  cut  in  the  plate  should  be  strengthened  by  a  plate  or  ring  to 
(jompensate  for  the  metal  cut  out.  Another  way  is  to  flange  the 
plttt.e  inward  ;  the  flange  stiffening  the  plate  and  forming  a  good 
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face  for  the  door  joints.  The  doors  are  placed  inside  the  boiler 
and  are  held  in  place  by  crossbars  called  "dogs."  Sometimes  a 
large  manhole  cover  is  fitted  externally  and  held  in  place  by  bolts. 

The  Rules  of  the  Board  of  Supervising  Inspectors  state  that 
all  manholes  for  the  sliells  of  boilers  over  40  inches  in  diameter 
shall  have  an  opening  of  at  least  11  X  15  inches  in  the  clear. 
Also:  Manhole  openings,  flanged,  invariably  sliould  have  a  depth 
and  thickness  of  flange  to  furnish  as  many  cubic  inches  of  material 
as  was  removed  from  the  plate  to  form  the  opening. 

In  order  to  show  the  principal  dimensions  of  a  boiler,  and 
the  proportions  of  the  various  parts,  tlie  following  description  and 
table  is  given.  It  states  in  detail  the  dimensions  of  one  of  the 
main  boilers  of  the  U.  S.  battleship  ''  Massachusetts,"  which  is 
one  of  the  most  recent  and  most  powerful  battleships  of  the 
Navy. 

There  are  four  double  ended  main  boilers  and  two  single 
ended  auxiliarv  boilei*s.  All  the  boilers  are  of  steel  and  of  the 
horizontal  fire-tube  type.  P^aeh  main  boiler  has  eight  furnaces ; 
four  in  eacli  end.  The  auxiliary  boilers  have  four  furnaces  in 
each.  The  shell  of  the  main  boiler  is  made  of  three  courses  of 
three  plates  each;  the  rivets  being  1^  inches  in  diameter.  The 
longitudinal  joints  are  treble  riveted  with  double  butt  straps. 
The  circumferential  seams  are  double  riveted  lap  joints.  The 
joints  of  the  combustion  chambere  are  single  riveted.  The  heads 
of  the  main  boilers  are  flat  but  those  of  the  auxiliary  boilei's 
have  curved  end  plates.  The  radius  of  the  curve  is  2  feet  2J 
inches  at  the  front  end  and  2  feet  1||  inches  at  the  back  end. 
Tlie  furnaces  are  fitted  with  Cone's  patent  shaking  grate  bars. 

The  circulation,  while  starting  the  fires,  is  obtained  by  means 
of  Weir's  hydrokineters.  Each  boiler  has  4  safety  valves,  3|^ 
inches  in  diameter,  on  one  base. 

All  the  tubes  are  of  steel.  There  are  two  main  smoke  pipes 
and  two  auxiliary  smoke  pipes,  the  latter  within  the  former.  The 
mechanical  draft  is  obtained  by  means  of  Sturtevant  blowers  and 
the  closed  fire-room  system. 
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BOILERS  OP  THE  U.  &.  S.  "nASSACHUSETTS. 


ft 


FOUR   DOUBLE    ENDED    CTLINDRICAL    UOILEKS. 
DETAILS  OP  ONB  BOILBR. 

Working  pressure 

Length 

Diameter 

Thickness  of  shell 

Thickness  of  heads,  top 

Thickness  of  heads,  bottom 

Thickness  of  tube  sheets 


160  pounds 
18  feet 
15  feet 

IJI  inches 
1  inch 
J  inch 
inch 


FUBNACBS. 


Number  in  each  boiler 

Thickness 

Greatest  external  diameter 

Least  internal  diameter 

Length  of  grate 

COMBUSTION    CHAHBBBB. 

Number 

Thickness  of  plate 
Widfli  at  top 
Depth 

TUBB8. 

Outside  diameter 

Length  between  tube  sheets 

Number,  ordinary 

Number,  stay 

Thickness,  ordinary  12  B.  W.  Q. 

Thickne8^s  stay  6  B.  W.  6. 

Spaced  vertically 

Spaced  horizontally 

STAYS. 

Diameter  of  screw  stays 

Number  of  through  braces  (upper) 

Number  of  through  braces  (lower) 
Number  of  braces  around  lower  manhole 
Number  of  braces  from  head  to  back  tube 
sheets 


8 
^  inch 

8  feet  4  inches 
3  feet 

5  feet  9  inches 


/^  inch 
2  feet  5}  inches 
7  feet  2 1  inches 


2J  inches 

6  feet  1 }  inches 

676 

248 

.109  inch 

.203  inch 

3^  inches 

3|  inches 

IJJ  inches 

24  of  2\  inches  diameter 

3  of  2  A  inches  diameter 

3  of  1 J  inches  diameter 

12  of  1 J  inches  diameter 

20  of  2  inches  diameter 
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HEATING    SURFACE. 

Tul>e 

Furnace 

Combustion  chambers 

Total 

Grate  surf. ace 

Area  through  tubes 

Area  over  bridge  walls 

Volume  of  furnace  and  combustion  cham- 
ber above  grates 

Volume  of  steam  space,  water  level  6  inches 
above  top  tubes 

Water  surface,  water  level  6  inches  above 
top  tubes 

SMOKE    PI^ES.    (two) 

Diameter 

Total  area 

Height  above  lowest  grate 

STOP     VALVES. 

Diameter  of  main  stop  valve 
Diameter  of  auxiliary  stop  valve 

TOTALS,  FOUR  BOILERS. 

HEATING   SURFACE. 

Tubes 

Furnaces 

Combustion  chambers 

ToUl 

(Trate  surface 

Area  through  tubes 

Area  over  bridge  walls 

Volume  of  furnaces  and  combustion  chambers 

RATIOS. 

Tube  H.  S.  to  G.  S. 

Furnace  H.  S.  to  G.  S. 

Combustion  chamber  PI.  S.  to  G.  S. 

Total  II.  S.  to  total  G.  S. 

Area  through  tubes  to  G.  S. 

Steam  room  per  square  foot  of  grate 


3647.5  square  feet 
245  square  feet 
418     square  feet 


4,310.5  square  feet 

138  square  feet 

25.13  square  feet 

15.56  square  feet 

559.93  cubic  feet 

737.41  cubic  feet 

239.22  square  feet 

7  feet 

68.42  square  feet 

70  feet 

9  inches 
5  inches 


14,590  square  feet 

980  square  feet 

1,672  square  feet 


17,242  s(|uare  feet 

552  square  feet 

100.52  square  feet 

H2.24  square  feet 

2,239.72  cubic  feet 

26.43  :  1 

1.78:  1 

3.01  :  1 

31.24:  1 

.18:  1 

6.34  cubic  feet 
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FURNACE   DOORS. 

The  furnace  doors  for  a  marine  boiler  must  be  as  simple  as 
possible.  They  are  often  made  of  cast  iron  but  wrought  iron  is 
better  on  account  of  tlie  rough  usage  to  which  they  are  subjected. 

Because  of  tlie  rolling  of  the  ship,  there  should  be  some  device 
for  holding  the  door  open  while  stoking.  Doors  should  be  as 
small  as  possible  so  that  the  amount  of  cold  air  admitted  while 
stoking  and  cleaning  will  be  small.  However,  it  must  be  Lirge 
enough  to  stoke  and  clean  the  fires  easily.  When  the  furnaces 
are  large  two  doors  are  advantageous  because  the  amount  of  open- 
ing for  stoking  and  cleaning  is  reduced  and  the  sides  of  the  gi'ate 
more  easily  attended  to.  Doors  should  have  a  grid  or  damper  for 
admitting  air  to  the  top  of  the  fire. 

A  door  made  of  a  single  plate  is  likely  to  get  very  hot,  warp 
and  even  crack.  In  order  to  protect  tlie  door  from  the  heat  an 
inside  plate  or  screen  is  bolted  to  the  door.  This  plate  is  perforated 
with  many  small  holes  through  which  air  i)asses.  As  the  air  circu- 
lates l)etween  the  two  plates,  the  door  plate  is  kept  comparatively- 
cool  ;  the  screen  may  be  replaced  when  bunit.  All  latches  and 
contrivances  for  keeping  the  dooi-s  open  should  be  very  simple  and 
strong  and  capable  of  being  worked  easily  because  the  stoker's 
chief  tool  is  the  shovel. 

F'ire  door  frames  are  also  injured  by  the  intense  heat  and 
should  be  protected  with  a  screen  or  fire  brick. 

ORATE  BARS. 

Although  there  are  many  patent  grate  bars  and  an  almost 
innumerable  numl)er  of  rocking  grates,  most  engineers  have  found 
by  experience  that  the  plain  ordinary  grate  bars  are  the  best.  The 
breadth  at  the  top  is  about  1  inch ;  the  air  spaces  between  the 
bars  are  |  to  |  inch  at  the  top  ;  the  bars  taper  about  1  to  1|^  inch 
per  foot  of  depth.  This  makes  the  space  at  the  bottom  somewhat 
greater  than  at  the  top  so  that  coal  and  clinkers  will  not  be 
wedged  into  the  space.  When  wrought  iron  or  steel  bars  are  used 
the  spaces  may  be  made  less.  The  spac(»s  are  also  less  for  forced 
dmft. 

The  length  of  the  gi-ate  is  about  1^  times  the  diameter  of  the 
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furnace.  Thus  for  a  furnace  3  feet  in  diameter,  the  grate  would 
be  4}  feet  long.  This  length  is,  however,  often  exceeded.  The 
grate  bars  are  usually  2^  to  4  feet  long.  If  cast  iron  bars  aie  used, 
they  may  be  made  about  ft  feet  long. 

Tl)e  fire  bara  are  usually  made  in  two  lengths  ;  this  facilitates 
making  and  handling  and  also  provides  for  expansion.  The  gi"ate, 
however,  is  more  efficient  when  tlie  bars  are  in  one  length  a-s  the 
cross  bearer  is  avoided,  which  causes  a  better  flow  of  air  and  also 
allows  the  fireman  to  '*  prick  "  the  fire  more  effectively. 

The  grate  should  slope  about  1  inch   per  foot. 

If  tlie  gratis  are  very  long  the  slope  may  be  1^  inches 

per  foot  ill  order  that  the  back  end  may  be  stoked 

more  easily  and  the  }wussa^e  for  the  escape  of  the  liot 

gases  will  be  larger.' 

The  bridge  at  the  back  end  of  the  gr.ito  sliould 

be  of  such  a  height  that  the  area  of  the  passage  is 

J  to  J  of  the  grate  surface. 

Grate  luirs  are  likely  to  become  very    liot  iind 

burn  at  the  tops.  The  burning  is  increase<l  if  the  bars 
are  irregular  at  tlie  tops  and  the  cornel's  burned  off.  In  ease 
the  air  passages  are  blocked,  either  by  warping  or  by  clinker,  air 
cools  only  one  side  of  the  bar,  Tiiis  will  cause  tlie  other  side  to 
get  hotter  and  hotter  until  the  bar  is  burned.  The  slag  formed 
from  impurities  in  the  coal  melts  and  flows  down  the  sides  of  the 
bars ;  as  this  slag  solidifies  on  the  sides  it  prevents  the  air  from 
cooling  the  Itars  and  iis  the  slag  at  the  top  is  thin,  the  heat  burns 
the  Ijara.  To  reduce  burning  the  bars  are  often  made  concave  at 
the  top  (as  shown  in  Fig.  44),  so  that  the  ashes  will  jiccumulate 
there  and  protect  the  bar  from  the  intense  heat. 

In  order  to  allow  for  longitudinal  expansion  one  end  of  the 
grate  bars  should  be  made  slanting  and  the  other  notched  to  pre- 
vent sliding  on  the  cross  bar. 

EFFICIENCY  OF  THE  FURNACE. 

The  quantity  of  st^'am  dej^nds  upon  the  amount  of  coal 
burned  on  the  grate.  This  quantity  of  coal  in  turn  depends  njion 
the  draft  and  the  area  of  the  grate.  A  furnace  is  said  to  be 
efficient  if  it  burns  the  whole  of  the  fuel  upon  it  with  little  waste 
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and  without  superfluous  air.  In  order  to  produce  perfect  combus- 
tion there  must  be  sufficient  air  to  supply  the  necessary  oxygen 
and  the  heat  must  be  great  enough  to  cause  the  chemical  action. 

Experiment  shows  that  there  is  sufficient  heat  in  a  pound  of 
coal  to  evaporate  about  15  {)ounds  of  water,  but  in  marine  practice 
only  about  10  j)ounds  of  water  are  evaporated  [ter  pound  of  coal. 
This  shows  the  efficiency  of  the  boiler  to  be  al)Out  .7. 

Among  the  causes  of  this  low  efficiency  may  be  mentioned 
the  following : 

Bad  stoking  causes  loss  on  account  of  the  small  pieces  of  coal 
which  fall  through  the  grate  bare  and  are  lost  in  the  ashes.  If 
anthracite  coal  is  used  it  l)ecomes  brittle  when  heated  and  if  dis- 
turbed breaks  up.  This  loss  may  be  as  much  the  fault  of  the  gnite 
bar  setting  as  the  fireman. 

If  the  gnite  biirs  are  allowed  to  become  uncovered  or  the  fire 
become  verv  thin  an  excess  of  air  will  enter  the  combustion  chani- 
ber.  As  this  superfluous  air  must  be  heated  and  does  no  good  the 
heat  IS  theiefore  wasted. 

When  the  whole  of  the  coal  is  not  consumed  there  is  of  course 
loss.  If  insufficient  air  is  admitted  above  the  fire,  a  small  portion 
of  the  fuel  is  not  consumed  but  passes  up  the  funnel  as  smoke. 
Also  it  may  \ye  deposited  on  the  tubes  as  soot  or  burnt  in  the 
smoke  box  in  the  base  of  the  furnace.  The  reasons  for  this  loss 
are  poor  design  and  carelessness  on  the  part  of  the  fireman. 

Perhaps  the  chief  loss  is  due  to  radiation  from  the  boiler 
shell  and  the  various  o|)enings. 

SnOKE  BOX. 

When  the  products  of  combustion  emerge  from  the  tul)es  they 
are  conducted  to  the  uptiike  by  means  of  the  smoke  box.  Ihis 
box  is  constructed  of  iron  or  steel  plate  and  is  made  smoke  tight. 
It  is  made  separate  from  the  l)oiler  and  bolted  in  place  by  studs. 
Tl)e  bottom  of  the  smoke  box  should  be  at  least  12  inches  broad 
measured  in  the  direction  of  the  length  of  the  boiler.  If  too  nar- 
row the  bottom  is  soon  filled  with  soot  and  dirt  thus  causing  the 
lower  rows  of  tul)es  to  Ixvome  inefficient  if  !iot  useless.  The  l)ot- 
tom  plivte  should  l)e  two  or  three  inches  below  the  lower  row  of 
tubes  and  the  side  plates  about  the  same  distance  from  the  side 
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row8  of  tubes.  The  smoke  box  front  slopes  outward  making  the 
top  of  much  greater  area  than  the  bottom.  The  breadth  at  the 
t(^[>  is  about  twice  that  at  the  bottom  and  the  top  plates  are  fastened 
to  the  l)c»iler  above  the  top  row  of  tubes.  Above  this  the  shape 
depends  upon  tliat  of  the  uptake  and  funnel. 

The  uptjike  is  the  part  between  the  smoke  box  and  the  funnel. 
It  should  lead  to  the  funnel  as  directly  as  possible  and  with  few 
l>ends  or  olistructions. 

Tlie  thickness  of  the  plates  for  uptake  and  smoke  box  is  about 
J  to  ^^  inch,  depending  upon  the  size  of  the  boiler  and  the  material 
used. 

The  dooi-s  and  plates  of  the  smoke  box  should  be  provided 
with  screen  plates  to  protect  them  from  the  heat ;  the  distance 
between  the  plates  is  usually  about  3  inches.  Also  tlie  smoke 
box  should  have  a  back  commencing  just  above  the  top  row  of 
tubes  to  protect  the  stay  rod  nuts. 

When  several  boilers  discharge  into  tlie  same  funnel,  each 
smoke  box  should  have  a  separate  uptake  so  that  the  smoke  from 
one  smoke  box  will  not  enter  another.  In  order  to  control  the 
draft  and  even  shut  off  one  boiler  or  one  nest  of  tubes  a  damper  is 
placed  in  each  uptake. 

SAFETY  VALVES. 

The  purpose  of  a  safety  valve  is  to  automatically  relieve  the 
boiler  from  excessive  pressure. 

The  principal  requisites  of  a  good  safety  valve  for  marine 
work  are  as  follows  : 

When  raised,  the  area  for  the  escaj)e  of  steam  should  be 
sufficient  to  allow  steam  to  escape  as  fast  as  it  is  formed. 

Its  construction  should  be  such  that  it  will  close  as  soon  as 
the  pressure  has  fallen  lielow  the  load. 

It  should  be  so  arranged  that  it  can  neither  l)e  tampered 
with  nor  get  out  of  order. 

Its  parts  should  be  so  constructed  that  the  valve  will  act 
efficiently  and  promptly. 

It  must  be  so  designed  and  constructed  that  the  motion  of 
the  ship  will  not  affect  it. 

Weight  loaded  safety  valves  are  not  now  used  and  the  K'ver 
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safety  valves  are  in  use  in  marine  work  only  on  old  boilers.  This 
type  of  valve  does  not  fulfil  the  above  conditions  as  well  as 
properly  constructed  spring  safetj'  valves. 

The  necessary  size  of  safety  valves  dej^nds  upon  the  volume 
of  steam  generated  by  the  boiler  in  a  given  time.  This  volume 
depends  upon  the  area  of  the  grate,  the  draft,  the  kind  of  fuel, 
the  working  pressure  and  the  heating  surface.  In  calculating  the 
necessary  size,  most  of  these  conditions  are  not  considered.  The 
size  also  i°  taken  as  the  area  of  the  valve  but  the  circumference 
should  be  used  instead  of  area  because  for  a  given  lift  the  amount 
of  steam  released  is  proportional  to  the  circumference. 

There  are  various  rules  for  proportioning  the  safety  valves. 
With  given  conditions  the  sizes  obtained  by  using  these  different 
rules  vary  considerably. 

The  Rules  of  the  United  States  Board  of  Supervising  Inspec- 
tors state,  that  the  lever  safety  valves  attached  to  marine  boilers 
shall  have  an  area  of  not  less  than  one  square  inch  to  two  square 
feet  of  grate  surface  and  the  seats  of  all  such  safety  valves  shall 
have  an  angle  of  inclination  of  45  degrees  Each  boiler  shall  have 
a  separate  safety  valve.  Spring  loaded  safety  valves  of  the  "  pop '' 
type,  there  is,  those  constructed  so  as  to  give  an  increased  lift  by 
the  operation  of  steam  after  being  raised  from  their  seats,  shall 
have  an  area  of  not  less  than  one  square  inch  to  three  square  feet 
of  grate  surface.  Except  for  water-tube  sectional  boilers  carry- 
ing a  steam  pressure  of  over  1 75  pounds  per  square  inch,  the  area 
of  the  safety  valve  shall  be  not  less  than  one  square  inch  to  six 
square  feet  of  gmto  surface.  Two  safety  valves  may  be  used  if 
the  combined  areas  are  equal  to  that  of  one  of  the  required  size. 
But  no  spring  loaded  safety  valve  can  l)e  used  in  place  of  a  lever 
valve  unless  it  has  been  approved  by  the  Board  of  Supervising 
Inspectors. 

The  English  Board  of  Trade  gives  the  following  rule.  For 
boilers  carrying  a  pressure  of  60  pounds  per  square  inch  the  area 
of  the  safety  valve  should  be  J  square  inch  to  1  square  foot  of 
grate. 

For  ordinary  boilers, 

Diameter  of  safety  valve  =  y/  ^^^^  Q^  g^te 
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The  area  of  grate  is  expressed  in  square  inches. 

Example.  There  are  six  furnaces  in  a  double  ended  Scotch 
marine  boiler.  Each  grate  is  3  feet  wide  and  6  feet  long.  What 
should  ]>e  the  diameter  of  the  safety  valve? 

Total  grate  area  =  6  X  3  X  6  =  108  sq.  ft.  =  15552  sq.  in. 


Diameter  of  safety  valve  =  y 


452 

=  5.87  inches. 
In  case  two  safety  valves  are  used  the  combined  area  should 


IT 


d2 


=  3>1^16  X  (5.87)2  ^  2,  og  ^  .^^ 


4  4 

Tliis  gives  4J  -{-  inches  as  the  dfemeter  of  each  valve. 

The  French  Government  rule  is  based  on  the  amount  of 
heating  surface  and  the  pressure.  This  is  evidently  a  much  better 
rule  than  the  preceding. 

Diameter  of  valve  =  1.23  ^total  heating^surl^ 

^       pressure  4-  t. 

The  neating  surface  is  expressed  in  square  feet.  Then  if  in  the 
above  example  the  total  heating  surface  is  30  times  the  gi-ate  area 
C which  is  108  square  feet),  and  the  boiler  [pressure  is  150  pounds, 
the  diameter  is, 

1.23  v/^^-  =  5.55  inches. 

The  general  arrangement  of  the  common  lever  safety  valve  is 
shown  in  ''  Boiler  Accessories." 

In  order  to  set  the  valve  or  in  other  words  to  find  the  pres- 
sure at  which  it  will  blow  off,  we  must  know  the  diameter  of  the 
valve,  the  weight  of  the  valve  and  valve  spindle,  the  length,  weight 
and  center  of  gravity  of  the  lever  and  the  weight  of  tlie  ball  at 
the  end.  The  center  of  gravity  of  the  lever  may  be  found  by 
balancing  it  on  a  knife  edge. 

Then  to  find  the  pressure  at  which  the  safety  valve  will  blow 

off: 

1.     Multiply  the  weight  of  the  ball  in  pounds  by  its  distance 

in  inches  from  the  fulcrum. 
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2.  Multiply  the  weight  of  the  valve  and  spindle  in  pounds 
by  their  distance  in  inches  from  the  fulcnini. 

3.  Multiply  the  weight  of  the  lever  arm  in  pounds  by  the 
distil  nee  of  its  center  of  gravity  from  the  fulcrum  in  inches. 

Then  add  tog(»tluM-  the  three  pnMlucts,  (t),  (2),  and  (5i). 

Divide  this  sum  by  the  area  of  the  valve  in  square  inches 
multiplied  by  its  distance  fi-om  the  fulcrum.  The  result  will  be 
the  pressui-e  in  pounds  jwr  scjuarc  inch. 

Example.  Suppose  a  weight  of  80  pounds  is  luing  on  the 
end  of  a  lever  whicli  wciglis  40  pounds.  Tlie  center  of  gi-avity  of 
tlie  lever  is  13  inches  from  the  fulcrum  and  the  Ixdl  is  38  inches 
fi-om  the  fulcrum.  The  valve  and  spindle  weigh  20  pounds  and 
are  5  inches  from  tlie  fulcrum.  If  the  vrdve  is  5  inches  in  diam- 
eter at  what  pi-essui-e  will  the  safety  valve  blow? 

(1)  80  X  S>^  =  o040 

(2)  20  X    6  =    100 
(8)    40  X  18  =    620 


Sum         =  3660 


The  area  of  the  valve  is  ^.1416  X  5»  _  ^g  ggg  ^  ^  ^^ 

4 

is  5  inches  from  tlie  fulcrum,  hence 

There  are  many  spring  safety  valves  used.  The  main  priiH 
ciples  of  construction  and  operation  are  discussed  in  **  Boiler 
Accessories." 

5T0P  VALVE. 

The  main  stop  valve  regulates  the  ])assage  of  steam  from  the 
l)oiler  to  the  main  steam  pipe  or  engines.  One  is  fitted  to  each 
boiler  so  that  any  boi%»r  or  all  boilers  may  1)0  in  communication 
with  or  cut  oil*  from  the  engines. 

Tliis  valve  slumld  Ik*  of  sufficient  size  to  jkvss  out  with  little 
resistance  all  the  steam  the  lK)ilrr  is  cajKihle  of  making.  One  of 
the  chief  reasons  for  a  drop  in  pressure  between  the  boilers  and 
engine  is  a  small  stop  valve  or  one  so  constructed  as  to  retard  the 
flow  of  steam. 
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The  size  of  the  valves  depends  upon  the  steam  pipes.  The 
e  of  the  main  steam  pipe  may  be  calculated  as  shown  in  "  Boiler 
icessories."  This  method  takes  into  consideration  the  amount 
steam  used  by  the  engine. 

The  diameter  of  the  steam  pipes  from  the  boiler  to  the  main 
jam  pipe  may  be  found  from  the  following  formula, 


'-^^- 


D  =:  diameter  of  main  steam  pipe. 

d  =  diameter  of  branch  pipe. 

n  =  number  of  boilers  (two  or  more). 

Example.  The  main  steam  pipe  is  16  inches  in  diameter; 
lat  should  be  the  diameter  of  the  branch  pipes  to  the  three 
ilers? 


=  ley/ 


3X3 

16  X  2 
=    — ~.  =11  inches  (nearly). 

3 

To  determine  the  size  of  a  pipe  for  any  boiler,  the  following 
le  may  l>e  used, 

Arc*a  =(J  square  inch  per  square  foot  of  gi-Kie  -j-  .01  square 

^hpt*r  square  foot  of  heating  surface)  X  \ • 

*  pressure 

Example.     What  is  the  diameter  of  the  steam  pipe  of  a  boiler 
frying  a  pressure  of  120  pounds,  and  having  a  grate  surface  of 
square  feet  and  a  heating  surface  of  1494  square  feet? 

Area  =  (^  X  48  +  .01  X  1494)  X  yZ-J^J- 

=  24.6  square  inches. 

The  diameter  would  be  5|  inches. 

The  valve  and  seat  are  usually  made  of  bronze  or  gun-metal, 
d  as  full  pressure  is  on  them  when  shut,  they  should  l)e  strong 
ough  to  stand  it. 

Stop  valves  for  warships  and  for  some  vessels  in  the  merchant 
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niiirine.  are  so  constructed  that  whenever  tlie  pressiire  in  tlie 
holler  becomes  less  than  that  in  the  steam  pii>e  the  valve  immedi- 
ately closes.  Tlius  if  a  shot  penetrates  the  boiler  or  if  a  tube  or 
plate  givoa  way,  strain  from  the  other  l>oilei-s  would  not  escajie 
through  the  injured  one. 

Such  a  valve,  the  Foster  Automatic  Safety  Stop  Valve,  is 
fihowii  in  Fig.  45.  St<^iim  entenj  at  A  and  passes  thi-ough  the 
valve  11  and  oiit  at  B.     To  start  the  flow  of  steam  when  the  valve 


Fig.  46. 


is  closed  and  there  is  no  steam  passing  through,  open  the  passage 
E  by  turning  the  small  set  screw.  As  soon  as  the  pressure-  in  the 
diaphragm  chamber  accumulates  to  a  point  equal  to  the  strength 
of  the  spring,  it  lifts  the  diaphragm,  raises  the  valve  from  the 
seats  and  steam  flows  through. 

Steam  continues  to  flow  until  the  pressure  in  the  chamber  D 
falls  below  the  power  of  the  spring.  This  happens  in  case  of 
accident  ot  when  the  valve  V  is  opened.     The  pressui-e  in  D  may 
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also  be  relieved  through  the  check  valves  C,  whicli  lead  to  the 
l)oiler  and  to  the  main  steam  pipe. 

The  steam  port  K  is  about  -^^  inch  in  diameter.  The  springs 
are  adjusted  for  a  pressure  of  20  to  30  pounds  below  the  minimum 
pressure  carried  in  the  boiler. 

In  an  older  form  of  this  valve,  small  hand  valves  take  the 
place  of  the  check  valves.  This  makes  the  valve  less  automatic 
in  starting,  as  first  one  valve  is  opened  and  when  steam  is  flowing 
it  is  closed  and  another  opened. 

Auxiliary  stop  valves,  also  automatic,  are  fitted  to  each  boiler 
so  that  steam  may  be  supplied  to  auxiliary  machinery,  independ- 
ent of  the  main  stop  valve  and  the  main  steam  pipe. 

FEED  VALVES. 

As  water  evaporates  in  the  boiler  fresh  water  must  be  fed  to 
take  its  place.  In  the  pipe  conveying  the  feed  water  from  the 
punn>8  to  the  boiler  there  should  be  a  feed  valve.  There  should 
be  one  in  the  main  feed  pipe  and  a  similar  one  in  the  auxiliary 
feed  pipe.  These  valves  should  be  fitted  with  a  screw  spindle 
from  which  it  can  be  detached.  The  spindle  is  used  to  shut  the 
valve  when  no  water  is  required  and  to  regulate  the  height  of  the 
check  valve  to  the  amount  of  water  required.  As  it  is  independ- 
ent of  tlie  8])indle  it  acts  as  a  self-acting  non-return  valve.  The 
valve,  sometimes  called  a  check  valve,  should  be  very  strong  and 
is  often  made  of  gun-metal  or  bronze. 

The  area  in  square  inches  through  the  feed  valve  may  be 
found  from  the  following  rule. 

*  total  heatine:  surface 
Area  = § . 

240 

For  the  auxiliarv  feed  valve, 

*  __  total  heating  surface 
^^^  300  ' 

BLOW-OFF  VALVE. 

The  blow-out  valve  or  blow-off  cock  is  fitted  at  or  near  the 
bottom  of  the  boiler  in  order  that  some  of  the  water  may  be  blown 
off  as  required.     A  pipe  connects  this  valve  with  another  which  is 
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placed  at  the  bottom  of  the  ship.  By  opening  these  two  valves  the 
boiler  may  be  emptied  of  its  water  if  there  is  slight  steam  pressure, 
or  if  empty  the  boiler  can  \)e  611ed  with  salt  water.  As  sea  water  Is 
now  seldom  used  for  filling  boilers,  this  connection  with  the  sea  Is 
useful  only  to  blow  out  the  water.  The  boiler  should  not  be  blown 
out  except  when  under  slighc  pressure,  10  or  20  pounds.  This 
valve  or  cock  should  be  strong  and  well  made  because  it  is  subject 
t()  hard  usage  and  neglect. 

The  clear  area  through  the  blow-out  valve  should  be  about 
1  square  inch  for  each  ton  of  water  in  the  boiler. 

scun  COCK. 

Tlie  scum  cock,  sometimes  called  the  brine  valve,  is  fitted  to 
the  boiler  near  the  water  level.  Scum  and  other  impurities  collect 
near  the  water  line  and  are  blown  out  when  necessary.  Sometimes 
a  jjerforated  pipe  is  connected  to  it ;  this  pipe  should  not  be  lower 
than  the  lowest  working  level.  The  object  of  the  pipe  is  to  col- 
lect scum  and  floating  impurities.  Formerly,  when  salt  water 
was  used  as  feed  water,  this  valve  came  into  frequent  use,  for 
the  water  l^ecame  very  dense  and  a  part  had  to  be  blown  out  and 
H'placed  with  sea  water.  However,  at  the  present  time  it  is  used 
only  when  the  surface  of  the  water  becomes  dirty. 

Tlie  principal  impurity  in  marine  boilers  is  oil.  This  oil, 
either  in  patches  or  pellets  floats  on  or  near  the  surface,  and 
hinders  the  free  rise  of  st(»iim  bubbles  causing  the  boiler  to  overheat. 
It  is  blown  out  by  tlie  scum  cocks.  This  valve  should  be  placed 
below  the  water  level  and  al)ove  the  heating  surface  so  that  in  case 
of  leaks  or  accvdent  the  water  will  not  fall  below  the  latter. 

It  is  better  to  remove  the  oil  from  the  feed  by  means  of 
filters  tlian  to  wait  and  blow  it  out. 

WATER  GAGES. 

Marine  boilers  should  be  supplied  with  water  gages  and  gage 
glasses  in  the  same  manner  as  stationary  boilers.  These  fittings 
are  described  in  ''  Boiler  Accessories."  They  should  be  placed  on 
the  front  end  where  they  are  easily  seen.  As  it  is  very  important 
to  know  the  true  level  at  all  times,  these  fittings  must  be  kept 
very  clean  especially  if  the  water  in  the  boiler  contains  much  salt; 
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the  deposit  of  salt  is  likely  to  clog  the  connections.  The  drain 
cock  at  the  lower  end  of  the  gage  glass  should  be  provided  with  a 
drain  pipe  so  that  the  water  will  not  corrode  the  front  of  the 
boiler. 

The  gage  glass  should  be  placed,  not  on  the  front  plate  but 
on  a  stand  pipe  which  is  connected  to  the  steam  space  at  a  point 
where  foaming  and  priming  will  not  afiEect  it  and  to  the  water 
space  where  there  is  little  circulation.  Gage  glasses  are  likely  to 
indicate  a  wrong  water  level  if  not  often  blown  through.  There 
are  several  reasons  for  this  :  Water  cools  in  tlie  gage  glass  and  in 
the  stand  pipe,  is  therefore  of  greater  density  and  shows  lower 
water  level.  An  accumulation  in  the  gage  glass  of  distilled  water 
(condensed  steam)  is  lighter  than  the  water  in  the  boiler  and 
causes  a  higher  level  to  be  indicated. 

Test  cocks  should  be  fitted  to  the  end  plate.  This  is  impor- 
tant as  it  is  essential  that  the  water  level  be  known  even  if  the 
glass  breaks.  Low  water  in  a  stationary  boiler  is  dangerous  but 
as  the  furnace  crowns  of  marine  boilers  are  so  far  below  the  water 
level,  there  is  not  as  much  danger  in  having  low  water. 

5TEAn  AND  VACUUfl  GAGES. 

Steam  gages  of  the  Bourdon  type  are  used  to  indicate  the 
pressure  in  marine  boilers.  Their  method  of  working  and  general 
appearance  are  discussed  in ''  Boiler  Accessories."  Pressure  gages 
are  used  on  the  boilers  and  receivers  and  vacuum  gages  on  tlie 
condensers.  Usually  the  pressure  gages,  vacuum  gages  and  a 
clock  are  placed  on  a  gage  board  in  the  engine  room  so  that  the 
engineer  can  know  at  all  times  the  working  conditions  of  the  vari- 
ous parts  of  the  machinei-y. 

SALINOMETER. 

Formerly  it  was  the  custom  to  feed  l)oilers  directly  from  the 
sea.  This  water,  however,  contains  considerable  solid  matter, 
called  salt,  which  rendei*s  it  undesirable  for  feed  water.  At 
present  the  amount  of  sea  water  thus  used  is  small. 

Saline  matter  in  sea  water  is  measured  in  ounces  per  gallon 
or  as  a  proportion  in  1000  parts.  Sea  water  contains  Jibout  ^^,y  of 
its  weight  in  solid  matter.  Hence  sea  water  if  analyzed  shows 
that  for  every  1000  pounds  there  are  about  32  pounds  of  saline 
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Baltic  Sea 

6.6 -,1, 

British  Channel 

35.5        ,1, 

Irish  Sea 

33.0-    ,1, 

Red  Sea 

43.0        J, 

matter.  This  amount  varies  in  different  parts  of  the  globe.  The 
following  gives  an  idea  of  the  variation.  The  table  shows  the 
weight  of  solid  matter  per  1000  pounds  and  also  the  ratio  of  solid 
matter  per  pound. 

Arctic  Ocean  28.5  —    ^ 

Atlantic  Ocean  (equator)  40.0 —    ^ 
North  Atlantic  45.4 —    ^ 

South  Atlantic  41.6 —    ^ 

Black  Sea  21.0 —  :jf  ^       Mediterranean  Sea  38.0  —   ^\ 

Dead  Sea  390.5  —  ^J^ 

Suppose  this  salt  water  is  fed  to  a  boiler.  The  water  is 
evapomted  and  the  salt  left  behind.  As  the  process  continues  the 
water  within  the  boiler  becomes  more  and  more  dense  because  the 
greater  the  amount  of  saline  matter  present  the  greater  the 
density.  This  increase  of  concentration  continues  until  the  point 
of  saturation  is  reached.  The  point  of  saturation  is  the  point  at 
which  the  water  has  dissolved  all  the  salt  that  it  can  and  any  fur- 
ther evaporation  causes  salt  to  be  deposited. 

This  increase  of  density  raises  the  boiling  point  and  the 
deposit  of  salt  on  the  heating  surface,  if  allowed  to  become  thick, 
hinders  the  free  transmission  of  heat  and  increases  the  liability  of 
burning. 

For  these  reasons  it  is  necessary  to  have  some  means  of  know- 
ing the  proportion  of  salt  in  the  water  of  the  boiler.  As  the 
density  increases  directly  as  the  amount  of  salt  an  hydrometer  is 
used.  This  instrument  is  called  a  salinometer  when  used  with 
salt  water.  It  is  a  float  having  a  constant  weight  and  measures 
the  densities  of  liquids  by  the  depth  to  which  it  sinks  when 
immersed  in  the  liquids. 

The  instrument  is  a  cylindrical  tube  small  at  the  upper 
and  enlarged  at  the  lower  end.  The  upper  end  called  the  stem  is 
graduated ;  the  lower  end  is  enlarged  to  give  buoyancy  to  the 
instrument.  This  enlarged  end  terminates  in  a  small  globe  con- 
taining shot  or  some  heavy  substance  to  make  it  float  in  an  upright 
position.  When  it  is  immersed  in  a  liquid  the  weight  of  the 
liquid  displaced  is  equjil  to  the  weight  of  the  salinometer.  For  a 
dense  liquid  like  salt  water  the  stem  will  project  farther  above  the 
surface  than  it  will  in  fresh  water. 
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To  graduate  this  instrument  it  is  placed  in  distilled  water  of 
a  known  temi>cmture  and  the  point  to  wliich  it  is  immersed  marked 
zero,  Tlien  sua  salt  is  dissolved  in  water  at  tlie  above  teniiieratiire 
in  the  proportions  of  one,  two,  and  three  pounds  of  salt  to  thirty- 

Otwo  pounds  of  water.     Tlie  points  to  which  the  instru- 
ment sinks  in  these  solutions  are  marked  j'„,  ^^  and  j^^. 
These  divisions  are  subdivided  into  halves  and  quarters. 
The  temperature  at  which  these  gmduationa 
are  made  is  marked  in  the  scale.    Some  salino- 
meteiB  are  graduated  for  three  tempemtures, 
..  2«*  190%  200°  and  210"  F. 

Fig.  46  shows  an  hydrometer  with   the 
scale  graduated  for  salt  water ;  the  scale  de-  • 
veloped  and  enlarged  is  shown  in  Fig.  47. 
It  is  necessary  to  know  tlie  temperature 

■  within  a  few  degrees,  because  for  every 
increase  of  10  degrees  the   instrument  indi- 

.  cates  a  density  of  J  of  j'g   less.     Or,  if  the 

■  temperature  is  210°  and  the  density  i-cading 
is  biken  on  the  200°  scale,  the  reading  will 
be  in  error  J  of  one  of  the  j^,  divisionM. 

t  The  salinometer  h  usually  made  of  glass. 

If  made  of  copper,  it  should  be  handled  care- 
fully as  any  indentation  alteis  the  relation 
existing  between  the  volume  and  weigiit  of 
the  instrument.  As  a  result  the  scale  be- 
comes incorrect. 

Hydrometers    are    used    in     connection     with    a 
sal  i  no  m  ete  r-pot . 

murine  hollers  should  be  provided  with  a  ytev 
manentiy  attached  salinometer-pot.  It  shouhl  he  no  con- 
structed that  a  constant  flow  of  water  from  the  boiler  will  be 
maintained  while  testing  the  density.  Also,  it  should 
reduce  the  temperature  of  the  water  to  a  fixed  temperature 
lielow  till'  lioiling  point  so  th:it  ebullition  and  the  funnatinn  of 
va[Kir  will  Ik-  avoided,  A  commim  form  of  salinonieti'i-pot  is 
shown  in  Fig,  48.  Water  entera  the  centml  pipe  in  the  tall  com- 
partment and  when  it  has  risen  to  the  height  of  the  small  holes 
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near  the  top,  it  flovre  out  into  the  compartment.  It  then  passes 
to  ihe  shorter  larger  chamber  in  which  is  placed  the  hydrometer 
and  thermometer.  The  water  level  is  kept  constant  by  means 
of  the  overflow  pipe.  A  small  hole  in  the  cover  of  the  tall  i-haiii- 
ber  allows  air  and  vapor  to  escape. 

The  coveis  of  the  salinometer  chambers  are  attached  to  chains 
which  prevent  their  being  lost  when  the  vessel  voUa. 


^^ 


EVAPORATORSw 

In  all  kinds  of  vessels,  f  resli  water  is  a  necessity.  Those  steam^ 
:ng  on  lakes  and  rivere  can,  oi  course,  obtain  fresh  water  witU 
littlf  trmiblc;  hut  in  the  eiiseof  war  ships  and  vessels  sailing  on  Uib 
ocean  this  problem  ia  not  as  esisily  solved.  Of  coui:se  a  large 
iliiiiiitity  of  frcsli  water  can  be  ciuncd  in  tinks  and  double  liottoim 
but  tb('s('  iiicthiMls  me  not  altogetlier  satisfactory.  Water  tbns 
carried  is  dead  weight  and  as  it  is  likely  to  contain  corrosive 
u^nts  and  scale  forming  salts  it  is  injurious  to  the  boiler. 
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The  amount  of  make  up  water  necessary  in  a  lai^e  vessei  is 
considerable.  In  most  vessels  of  the  present  day  this  make  up 
water  is  obtained  from  salt  water  by  distillation.  We  know  tliat 
when  water  is  heated  to  f  >rm  steam,  the  heat  drives  out  the  vohi- 
tile  gases  and  precipitates  the  solids.  The  steam  thus  formed  is 
pui-e.     Sea  water  is  distilled  in  evaporators  oi-  distillers. 

There  are  several  evaporators  having  many  ingenious  devices 
but  the  principle  upon  which  they  all  work  is  essentially  the  same. 
The  evaporator,   shown 
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in  Fig.  49,  consists  of  a 
cylindrical  shell  similar 
to  that  of  a  vertical 
boiler  and  an  arrange- 
ment of  tubes  within  it. 
On  the  shell  are  placed 
Buch  fittings  as  giige 
glass,  pressuie  gage, 
salinometer,  etc.  Sea 
water  is  pumped  into 
the  evapoiafor  by  a  don- 
key pump  and  it  is  then 
evaporated  by  admitting 
steam  from  the  boilfi-s 
or  from  one  of  the  re- 
ceivers to  the  coil  of 
tubes.  The  sloini  thns 
formed  from  the  salt 
water     is     either     con- 


densed in  the  auxiliary  condenser  or  piisscs  to  tlic  low  pressuie 
receiver.  It  then  enters  the  boilers  and  makes  up  the  loss 
from  leakage,  ete.  The  steam  within  the  coiht  is  partly 
condensed  then  trapped  out  and  returned  to  the  feed.  The 
evajM>rator  acts  like  a  small  boiler,  the  heat  being  supplied  by 
steam  instead  of  a  furnace.  Tlie  evaporation  of  pva  water  makes 
the  water  in  the  evapoi-ator  very  dense  arid  the  tubes  become 
coated  with  salt.  When  the  salintnnctiT  shows  llie  reqnisitc- 
densitv  a  part  of  the  water  may  be  blown  out.  The  tubes  are  so 
arranged  that  they  can  easily  be  withdrawn  from  the  evaiK)rator 
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(as  shown  in  tlie  figure)  and  cleaned.     Evaporators  are  made  both 
horizontal  and  vertical  and  in  sizes  to  suit  requirement^!;. 

HYDROKINETER. 

We  know  that  the  water  in  a  marine  boiler  below  the  level 
of  the  fire  bars  is  at  a  much  lower  temperature  than  that  above. 
Also  we  have  seen  that  in  all  internally  fired  boilers  the  circulation 
is  not  good.  Now,  if  a  cylindrical  marine  boiler  is  filled  with  cold 
water  and  a  fire  is  started,  the  water  in  the  bottom  of  the  boiler 
remains  cold  even  after  steam  is  formed.  In  order  to  raise  the 
temperature  of  this  cold  water  the  circulation  must  be  improved  or 
the  cold  water  drawn  off  and  hot  water  substituted. 

Some  engineers  adopt  the  above  plan  while  others  employ  a 
small  pump.  Perhaps  the  best  and  most  used  method  of  improv- 
ing the  circulation  is  by  means  of  a  hydrokineter.  This  instru- 
ment consists  of  a  series  of  nozzles  one  within  the  other.  At  the 
rear  of  each  there  is  a  grating  through  which  the  water  passes. 
Steam  from  an  auxiliary  or  donkey  boiler  is  introduced  into  these 
nozzles  <and  as  it  issues  from  the  small  one  it  causes  the  water  to 
flow  with  the  steam.  With  this  instrument  the  circulation  is 
greatly  improved  and  the  temperature  of  the  water  at  the  bottom 
of  the  boiler  is  very  nearly  the  same  as  that  of  the  water  above. 
This  plan  allows  steam  to  l)e  raised  in  a  much  shorter  time  and 
causes  the  life  of  the  boiler  to  be  greatly  prolonged  while  the  cost 
of  operating  is  practically  nothing  because  the  heat  of  the  stoam 
taken  from  another  boiler  enters  the  water  in  the  main  boiler. 

FEED  ARRANQEHENTS. 

Marine  boilers  are  fed  with  either  fresh  or  salt  water.  When 
the  water  is  s.dt  it  usually  enters  the  boiler  while  cold  ,  if  fresh,  it 
is  taken  from  the  hot  well,  and  has  a  temperature  of  100°  to  140® 
or  it  may  be  fed  cold  as  in  the  case  of  a  lake  or  river  steamer. 
The  most  common  practice  is  to  feed  the  boiler  with  hot  fresh 
water  heated  by  h(»atei-s,  or  from  the  hot  well ;  the  loss  from  leaks, 
blowing  off  of  the  safety  valve,  etc.,  is  sometimes  made  up  by 
taking  salt  wat(n*  from  the  ocean  and  blowing  off  when  the  density 
in  the  boiler  is  about  t^^^-  At  the  present  time,  however,  this 
shoitiige  is  often  made  good  by  distilled  v'«^ter  from  evaporators  or 
distillei*s. 
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The  use  of  distilled  water  is  advantageous  because  it  contains 
no  corrosive  elements  except  a  small  amount  of  air.  Sea  water, 
however,  not  only  deposits  salt,  which  hindei-s  the  free  transmis- 
sion of  heat,  but  contains  compounds  which  corrode  iron  and  steel. 

One  of  the  most  harmful  agents  found  in  marine  boilers  is 
air.  Pure  water,  if  not  in  the  presence  of  air,  will  not  corrode 
iron.  Air  not  only  furnishes  the  oxygen  necessary  to  promote 
coiTosion  by  water  but  it  also  aids  such  chlorides  as  ammonium, 
sodium,  potassium,  barium,  etc.,  in  their  corrosive  action. 

As  it  is  almost  impossible  to  feed  water  into  a  boiler  without 
its  containing  some  air,  the  feed  should  be  introduced  at  some 
j)oint  where  it  may  mix  with  the  hot  water  and  lose  its  air  at  a 
point  where  the  corrosion  will  not  be  dangerous. 

Water  should  never  be  admitted  at  or  near  the  bottom  of  the 
boiler,  because  at  that  point  the  circulation  is  restricted  and  iishes 
and  the  inrush  of  cold  air  to  the  furnaces  prevent  heat  from  pass- 
ing to  the  water.  This  causes  the  water  to  stay  at  the  l)ottom  of 
the  l)oiler. 

A  Ijetter  place  to  introduce  the  feed  water  is  over  tlie  back 
ends  of  the  tuljes,  so  that  it  will  be  tlioroughly  mixed  witli  hot 
water  and  the  air  leadily  flow  to  the  steam  space. 

Many  engineers  prefer  to  inject  the  feed  water  in  the  form  of 
spniy  at  a  point  a  little  alx)ve  or  just  below  the  siirfa(;c  of  the 
water.  This  avoids  all  danger  to  the  boiler  plates.  The  feed  is 
generally  led  through  pipes  which  are  fixed  inside  the  l)oiler.  By 
this  plan  the  water  is  heated  before  it  mixes  witli  that  in  the 
lioiler.  This  heating  is  of  great  importance  if  the  feed  is  cold,  as 
it  tends  to  keep  the  boiler  in  good  condition.  The  internal  pipe 
should  l>e  so  arranged  that  it  always  '*  runs  full  " ;  that  is,  it  should 
never  have  any  steam  within  it.  If  steam  is  present  in  the  feed 
pi|>e,  every  stroke  of  the  pump  produces  a  concussion  which 
damages  the  pii)e  and  the  boiler.  This  may  be  avoided  by  turn- 
ing the  end  of  the  pipe  upward  when  discharging  above  the  water 
line,  and  downward  with  the  end  well  below  the  water  level,  when 
discharging  below  the  surface.  The  internal  pipe  is  very  likely 
to  corrode  raj)idly  but  it  is  fai' mon^  easily  replaced  than  the  plates 
or  tubes  of  the  boiler. 

Marine  Im)^^^?  are  fed  by  means  of  direct  acting  steam  pumps; 
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injectors  are  aekkm  useA,  The  pomps  are  nsoallT  Tertical  80  thai 
they  will  not  take  up  too  mut^k  fl«»r  space.  There  are  many 
varieties  of  the:^  pomps :  the  Worthingti^n  Admiralty  pump  shown 
in  Fig.  oO  may  be  taken  as  an  example.  It  is  of  the  vertical 
ty[ie  and  adapte*i  to  marine  work  either  as  a  boiler  feed  pump  or 
as  a  bilje  or  fire  service  pump.  In  construction  and  operation  it 
is  similar  to  the  WortLington  pump  in  generaL  It  is  usually 
duplex  ami  capable  of  pumping  against  a  pressure  of  150  to  250 
pounds  jier  square  inch. 

LAQQINQ. 

In  addition  to  lagging  the  steam  pipes,  it  is  necessary  to  clothe 
the  boiler  to  prevent  l**?^  by  radiation  which  may  amount  to  about 
10  per  cent.  The  material  used  should  be  incombustible  and 
inorganic  as  well  as  a  non-conductor  of  heat.  Also,  the  clothing 
should  lie  such  tliat  it  will  stand  mechanical  action  ;  if  it  is  brittle 
the  dust  fonned  by  constant  vibration  is  likely  to  get  into  the 
bearincrs  of  tlie  engine. 

In  •••  Boiler  Accessories  '^  the  various  materials  used  for  this 
piiTpoae  are  described  with  a  table  showing  their  relative  values. 
In  addition  to  these  there  are  several  kinds  of  patent  lagging  which 
jiossess  many  advantages. 

DRAFT. 

Tlie  term  draft  is  used  in  various  ways.  It  usually  refers  to 
the  difff-rence  in  pressure  between  the  gases  when  they  leave  the 
lK)il^'r  and  that  of  the  external  air.  It  is  also  used  as  meaning  the 
difTereiifo  lx,'tw«en  the  air  pressure  under  the  grate  and  that  on  top 
of  the  coal.  A  third  meaning  is  sometimes  given  to  the  word  ;  it 
iH  the  inrfjisure  of  the  volume  or  weight  of  the  gases  passing  over 
the  fne  in  a  giv<Mi  time. 

The  force  of  the  draft  is  used  in  two  ways.  A  portion  of  it 
IK  neecjssary  to  overcome  the  resistance  of  the  grate  and  the  fuel 
ur)Ofi  it,  also  the  resistance  of  the  combustion  chamber,  flues  or 
tulK'S  and  uptake.  It  must  also  be  sufficient  to  give  the  air  the 
ne(!eHH5iry  velocity  for  direct  combustion.  Hence,  if  a  thicker  layer 
of  co:il  is  i»laccd  on  the  ^nale.  the  intensity  of  the  draft  must  be 

gnjuter. 

'i1i(?  draft  must  be  suificient  to  overcome  the  great  resistance 
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f  tho  grate,  fire,  tubes,  eta.,  as  well  as  to  supply  the  requisite 
olume  of  air  for  combustioa. 

The  velocity  of  the 
gases  IB  due  to  a  differ- 
ence of  pressure  which, 
in  the  ease  of  a  chimney 
is  dependent  upon  the 
temperature  and  the 
height  of  the  chimney, 

Tliat  chimneys  do 
not  always  supply  the 
necessary  draft  and  that 
they  must  often  be  built 
veiy  high  is  evident. 
Even  changes  of  climate 
or  wind  often  seriously 
impair  the  draft.  For 
these  reasoiw  and  o  ii 
account  of  the  impossi- 
bility of  aliigli  chimney 
on  lioard  a  ship,  some 
kind  of  artificial  draft 
nuist  lie  used. 

Ill  the  locomotive, 
tlic  intense  draft  is  [iro- 
diu-ed  by  II  ji-t  of  ex- 
liaust  steam.  This 
method  is  not  suited  to 
marine  work  Idealist;  the 
exiiiuist  steam  is  wm- 
deiised  and  used  over 
and  over  affain,  thns  re- 
ducing the  amonnt  of 
fresli  Wilier  earned  and 
increasing  the  jiower  of 
the  engines  bv  tlie  nsc 
of  the  condense)', 
He  most  common  method  of  pi-oducing  mechanical  draft  is 


Fig.  60. 
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this  fan  blower.  Tlio  fan  for  tliis  work  in  what  is  kiiowti  ns  the 
peiiplienil  (liHi;Iiaij,'e  lype,  tliat  is,  the  fan  coiiKistii  of  a  iiuriiiier  of 
lilades  t>xtj:n<1in^  i'a<1ially  from  the  axis.  Tlic  air  is  diawn  in 
axially  ut  tin!  oititer  and  discharged  from  the  ends  of  tlie  bhidea 
ill  a  taiiRential  direction.  For  forced  dnift  the  fan  is  enclosed  in 
a  cane  nhai«''l  bo  that  ihe  air  will  escaj*  freely  from  the  blades 
throuf,'li  a  delivpry  jjipe.  Fig.  51  shows  a  Sturtevant  fan  used  for 
lorciiil  dnift  in  marine  work 

To  design  a  fan  of  required  size,  the   peripheral  speed  mast 
be  Huflieient  to  ereiite  the  desired ^regsi/re  and  tlie  requisite  volume. 


Thus,  A  lai-gfl  wheel  running  slowly  or  a  small  wheel  miming  at  high 
speed  may  give  tlie  desired  volume  and  pressure.  But  if  the  wheel 
is  too  small  tin-  widtli  may  not  Ite  Hullicient  to  permit  the  i>assage  of 
the  volume  of  nir  unless  the  fan  is  run  at  a  Bi>eed  that  will  make 
tlio  pressure  too  {^reat. 

Therfl  are  two  methods  of  applying  mechaniral  draft  ;  increas- 
ing tUe  preseiire  linder  the  grate  and  creating  a  vaniinn  above  the 
fire.  As  the  fii^st  method  was  for  a  long  time  the  only  one  nsed, 
mechanical  dnift  wjus  called  forced  draft. 

The  usual  method  of  applying  the  induced  or  auction  dnift  is 
to  use  a  fan  exhauster  in  ]ilaee  of  a  chimney,  that  is,  the  fan 
creates  the  p;irlial  vacuum  of  tlie  chimney ;  a  short  stack  conducts 
the  gases  to  the  atmosphere. 
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With  the  forced  di-aft  two  methods  may  be  used,  the  closed 
ashpit  and  the  closed  fire-i*oom. 

Closed  Ashpit  System.  This  method  was  first  applied  and 
is  the  best  if  it  can  be  readily  adopted.  In  marine  boilers,  the  air 
is  usually  forced  into  the  ashpit  wliich  is  closed  to  the  fire-room. 
The  pre^^ure  in  the  ashpit  causes  all  leakage  to  be  outward. 
Therefore,  if  the  pressure  is  considerable,  there  is  tendency  to  blow 

the  ashes  out  of  the 
ashpit  and  the  flames 
and  fuel  out  of  the 
doors.  In  order  to 
avoid  this  danger,  an 
arrangement  of 
double  doors  and 
dampers  is  used. 
They  are  often  so 
arranged  that  when 
the  dooi-s  are  opened, 
the  draft  is  shut  ofif. 

The  great  ad- 
vantage of  this  system 
is  that  there  is  no 
leakage  in  the  tubes 
at  the  combustion 
chamber  end  if  proper 
care  is  taken. 

In  the  navy,  the  protective  deck  and  the  water-tight  sub- 
divisions make  it  difficult  to  use  the  closed  ashpit  system.  The 
chief  disadvantage  nere  is  the  absence  of  ventilation.  Wherever 
it  has  been  used  and  in  the  merchant  marine  it  has  been  on  the 
whole,  very  satisfactory. 

This  system  has  another  advantage  ;  it  presents  an  oppor- 
tunity for  utilizing  the  heat  of  the  waste  gases. 

There  are  several  arrangements  for  applying  forced  draft  by 
the  closed  ashpit  system ;  that  known  as  Kafer's  method  is  one 
of  the  best. 

Kafer*8  Method.  This  method  of  forced  draft  is  illustrated  in 
Fig.  62.     The  ashpits  are  closed  by  means  of  light  iron  doors  mado 


Fig.  62. 
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air-tight  by  asbestos  gaskets.     A  hinged  damper,  shown  in  the 
figure  as  partly  open,  regulates  the  supply  of  air  to  each  furnace. 

The  air  from  the  blower  passes  through  the  duct  to  the  closed 
ashpit  and  from  there  it  may  enter  the  space  under  tlie  grate  or  it 
may  pass  through  openings  in  the  dead  plate  to  the  space  between 
the  inner  and  outer  door  plates.  The  inner  plat«  is  perforated 
with  many  small  holes  which  allow  the  air  to  enter  the  space  over 
the  fire.  As  the  air  pressure  in  the  space  between  the  inner  and 
outer  plates  of  the  door  is  greater  than  that  in  the  furnace  no  gas 
can  escape  into  the  fire  room,  the  leakage  being  pure  air  w^hich 
improves  the  ventilation  slightly  and  kee|>s  the  fire  door  cool. 

Closed  5toke-hold.  For  ordinary  work  and  for  most  vessels 
in  the  merchant  marine,  an  air-tight  fire-room  is  impracticable. 
In  naval  vessels,  however,  the  numerous  water-tight  compartments 
and  the  constructions  for  protection  from  shot  and  shell  make  air- 
tight fire-rooms  almost  a  necessity.  During  an  engagement  the 
boiler  and  engine  rooms  must  be  closed  and  air  supplied  artificially 
Thus  mechanical  draft  is  a  necessity  as  well  as  an  auxiliary. 

In  this  method  air  is  forced  into  the  fire-room  until  the  pres- 
sure exceeds  that  in  the  furnaces.  Then  the  fires  are  stoked  in 
the  same  manner  as  with  natural  draft. 

Among  the  advantages  of  the  closed  fire-room  system  may  be 
mentioned  the  following.  It  prevents  the  escape  of  flame  and 
smoke  into  the  fire-room  ;  all  the  leakage  being  inward  to  the  fur- 
naces. It  aids  ventilation  since  the  great  quantity  of  air  for  the 
furnaces  must  pass  through  the  fire-room. 

The  great  objection  to  this  method  is  the  chilling  of  the 
interior  plates  of  the  boiler  whenever  the  fire-doors  are  opened. 
The  inrush  of  comparatively  cold  air  causes  local  contraction  of  tube 
sheets  and  combustion  chamber  plates  which  soon  causes  leaky  tubes. 
This  system  is  harder  for  the  stokers  than  the  closed  ashpit  system. 

Induced  System.  In  this  system  a  partial  vacuum  is  formed 
in  the  furnace  by  means  of  an  exhauster  which  is  similar  to  a 
blower.  The  effect  is  very  similar  to  that  of  a  chimney  except 
that  the  draft  is  steadier,  more  intense  and  far  more  easily 
regulated.  When  used  on  board  ship  it  gives  good  ventilation,  and 
is  easily  regulated.  The  early  difliculty  of  obtaining  fans  that 
would  stand  a  temperature  of  500^  or  more  has  been  overcome. 
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The  re]atiye  efficiencies  of  the  forced  and  induced  systems 
have  not  been  definitely  determined  because  of  the  many  circum- 
stances which  make  the  conditions  unequal.  However,  tests  seem 
to  show  that  the  induced  system  is  more  efficient.  Probably  this 
is  due  to  the  better  distribution  of  air  and  the  reduced  tendency 
to  blow  holes  in  the  bed  of  coal. 

With  this  system  the  fan  must  be  larger  than  with  forced 
dntft  because  the  heated  air  occupies  a  much  gi*eater  volume  and 
also  because  the  weight  of  air  is  increased  by  the  portion  of  the 
coal  which  has  entered  into  chemical  combination  with  the  air. 
This  amount  is  about  5  per  cent  of  the  weight  of  air  supplied. 

Advantages  of  Mechanical  Draft.    Mechanical  draft  possesses 

many  advantages  for  both  stationary  and  marine  work.     For  the 

navy  it  is  a  necessity  because  high  funnels  are  undesirable  if  not 

impossible.     Let  us  suppose  the  boilers  are  designed  to  furnish 

steam  for  the  engines  running  at  about  5,000  to  6,000  I.  H.  P. 

with  chimney  draft.     If  the  enemy  is  sighted  all  possible  speed 

is    necessary  and  the  I.  H.  P.  must  be   increased  to   10,000   or 

16,000  in  a  very  short  time.     If  forced  draft  is  not  used  the 

vessel  would  cruise  under  three  or  four  boilers  but  would  have 

in  reserve  four  or  five  more.      Now  this  extra  weight  is  v(*ry 

seldom  used  and  while  unused  is  of  course  dead  weight.    Mechun- 

ieal  draft  makes  it  possible  for  the  fewer  boilei-s  to  furnish  the 

maximum  amount  of  steam.     This  feature  is  especially  iiotieeiible 

in  torpedo  boats  and  destroyers. 

In  the  merchant  marine  the  forced  draft  system  enables  fewer 
and  smaller  boilers  to  funiish  the  required  steam.  Hence,  either 
more  passengers  or  a  larger  cargo  may  be  carried. 

With  chimneys  the  conditions  are  practically  fixed  while 
with  any  of  the  three  systems  changes  in  conditions  aie  possible. 

One  of  the  greatest  advantages  is  the  ease  with  which  the 
draft  may  be  controlled.  The  draft  may  be  regulated  by  means 
of  dampers  in  the  chimney  but  chimney  draft  depends  upon  the 
state  of  the  fire,  that  is,  with  a  low  fire  the  dnift  is  slight.  On 
the  other  liand,  a  fan  controls  the  draft  whether  the  fire  is  low  or 
not  The  maximum  draft  can  1^  obtained  almost  instantly  and 
at  the  time  when  it  is  most  needed.  Also,  artificial  draft  may  be 
10  regulated  that  the  steam  pressure  will  be  practically  constant. 
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Forced  draft  is  independent  of  climatic  conditions  ;  variation 
of  wind  and  fog  are  not  of  any  importance. 

The  efficiency  depends  upon  the  boiler.  If  with  forced  draft 
the  boiler  has  a  large  ratio  of  heating  surface  to  grate  area,  the 
efficiency  will  be  greater  than  for  a  small  heating  surface.  With 
chimney  draft  only  about  20  to  25  pounds  of  coal  can  be  burned 
per  square  foot  of  gi-ate  per  hour;  with  forced  draft  50  to  100 
pounds  may  be  burned.  Thus  the  capacity,  and  perhaps  the 
economy  is  increased. 

Cheap  fuels  are  much  more  easily  employed  with  mechanical 
draft.  Steamers  may  use  a  cheap  inferior  coal  that  could  not  pos- 
sibly be  burned  with  natural  draft  and  ordinary  grate  bai-s. 

With  a  chimney  a  high  temperature  is  necessary  to  cause  the 
requisite  draft.  If  anything  reduces  this  temperature  the  draft  is 
impaired.  With  forced  draft  the  heat  in  the  waste  gases  may  re- 
utilized  in  heating  the  feed  water,  or  air  for  draft.  Economizers, 
retarders  and  abstractors  are  successfully  used  with  artificial  draft. 

The  size  of  the  boiler  and  hence  the  first  cost  is  considerably 
lessened. 

MECHANICAL  STOKERS. 

When  small  quantities  of  coal  are  fired  at  frequent  intervals 
instead  of  laige  quantities  at  greater  intervals  an  increased  effi- 
ciency is  the  result.  A  mechanical  stoker  should  then  possess  many 
advantages  over  hand  firing.  Tliis  economy,  however,  can  be 
realized  only  when  the  mechanical  stoker  is  suited  to  the  work  and 
properly  operated. 

Among  the  advantages  may  be  mentioned  the  following: 
Absence^  of  smoke,  saving  of  laljor,  uniform  fire,  and  the  use  of  n 
cheaper  fuel. 

There  are  three  principal  types,  the  under  feed,  the  inclined 
over  feed  and  the  chain. 

In  the  under  feed  the  coal  is  forced  in  and  upward  by  means 
of  a  screw  from  beneath.  The  fuel  is  supplied  along  the  center  of 
the  grate  and  jus  it  is  forced  upward  it  falls  over  on  the  sides  form- 
ing a  mound.  On  account  of  the  thickness  of  the  fuel  at  the  center 
the  draft  must  be  stronger  there  than  at  the  sides.  This  is  usually 
accomplished  by  means  of  a  blower. 
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The  inclined  over  feed  stoker  is  a  sloping  grate  with  tlie 
liighest  portion  at  the  front  where  the  coal  is  fed.  The  grates  are 
eonstnicted  so  that  they  are  moved  at  intervals  so  as  to  feed  the 
fuel  along  and  down  the  surface.  This  movement  is  usually  caused 
by  a  small  independent  engine. 

The  chain  s^rate  is  the  third  type.  Fuel  is  fed  at  the  front 
of  the  boiler  to  the  chain  grate  which  slowly  moves  toward  the 
bridge.  During  this  time  the  fuel  burns  undisturbed.  When  it 
reaches  the  bridge  it  is  dumped  as  ashes.  Air  is  supplied  at 
various  points,  usually  by  means  of  some  system  of  forced  draft. 

Mechanical  stokera  are  likely  to  get  out  of  order  on  account 
of  the  intense  heat  and  the  dirt.  In  order  to  get  good  results, 
constant  attention  Ls  necessary ;  the  rate  of  combustion  must  be 
regulated  to  suit  the  evaporation.  Mechanical  stokers  are  but 
little  used  at  sea,  although  they  are  adapted  for  inferior  fuels  and 
bituminous  coal. 

FUELS. 

The  principal  fuel  used  in  marine  boilers  is  coal.  In  somo 
localities,  however,  wood  or  petroleum  is  more  abundant  and  there- 
fore more  extensively  used.  The  various  kinds  of  coal  are  dis- 
cussed in  "•  Boiler  Accessories.'*  The  kind  used  depends  largely 
on  the  locality  and  choice  of  the  ownere.  Bituminous  coal  is 
l)erhap8  the  most  used  on  board  ship  chiefly  on  account  of  its 
cheapness.  If  the  coal  is  in  large  lumps  the  thickness  of  the  bed 
may  be  considerable.  For  very  fine  coal  a  thickness  of  three  or 
four  inches  is  most  economical ;  a  fire  having  such  a  thin  bed  of 
coal  must  l)e  watched  carefully  and  stoked  almost  continuously. 

Patent  fuels  are  made  in  blocks  from  small  coal.  This  refuse 
from  mines  and  coal  yards  cannot  be  easily  transported  unless 
mixed  with  tar,  clay  or  some  adhesive  substance  which  holds  the 
particles  together.  The  heating  value  of  these  bricks  depends 
upon  the  amount  of  coal  in  them. 

The  value  of  a  fuel  is  determined  by  its  chemical  composition. 
All  fuels  contain  carbon ;  almost  all  have  some  hydrogen,  oxygen 
and  small  quantities  of  nitrogen  and  sulphur. 

We  know  that  heat  is  measured  in  British  thermal  units. 
The  heat  value  of  any  given  coal  is  equal  to  the  sum  of  the  heat 
imits  in  the  various  elements. 
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If  one  pound  of  carbon  is  burned  it  gives  out  about  14,500 
B.  T.  U.,  and  requires  about  12  pounds  of  air  to  consume  it,  that 
is,  to  convert  it  into  carbon  dioxide  gas.  If,  liowever,  the  air 
supply  is  too  small,  there  is  considerable  loss,  the  carbon  forming 
carbon  monoxide  giving  out  only  about  -t,400  B.  T.  U. 

One  pound  of  hydrogen  gas  requires  about  36  pounds  of  air  to 
consume  it.     Its  heat  of  combustion  is  about  62,000  B.  T.  U. 

Sulphur  is  present  in  good  coal  only  in  very  small  quantities 
and  has  a  heat  value  of  about  4,000  units. 

Knowing  the  amount  of  carbon  and  hydi-ogen  in  a  pound  of 
coal  we  can  computt^  its  heat  value  as  exi)lained  in  '^Chemistry.*' 

The  heat  value  of  anv  coal  can  be  calculated  if  the  chemical 
composition  is  known  ;  or  it  may  be  found  by  burning  a  little  coal 
in  a  coal  calorimeter. 

Although  al)out  1 2  pounds  of  air  are  theoretically  necessaiT 
in  buming  a  pound  of  coal,  practically  18  Uy  24  pounds  are  sujv 
plied  in  order  that  the  air  may  readily  reach  the  fuel  and  that  the 
carlxm  may  be  burned  to  carbon  dioxide. 

CARE  OF  BOILERS. 

To  manage  a  l)oil(M*  successfully,  the  desired  amount  of  work 
should  be  obtained  from  it  and  at  the  same  time  the  exix?nses 
should  1h^  kej)t  cOs  low  as  possible.  This  requii'es  a  knowledge 
which  ean  Ix*  obUiined  only  by  exi)erienee.  Beside  this  skill  in 
management,  the  boiler  must  Im^  well  designed,  the  feed  water 
good  and  the  fuel  suited  to  the  lK>iler.  Still  another  c(mdition  is 
that  the  necessary  repaii-s  1h^  made  j)romptly  and  the  causes  for 
deteriorat ion  removed. 

It  is  essential  that  the  engineer  should  know  the  positions  of 
all  piping,  valves,  coiks,  et^;.,  so  well  that  he  can  find  them  in  the 
shoi-test  ])ossil)le  time,  even  in  the  dark. 

Before  getting  up  steam,  all  the  valves  and  cocks  should  l>e 
carefully  examined  to  see  that  they  are  in  good  working  order. 

Getting  up  Steam.  The  method  of  getting  up  steam  dej^ends 
ujK)!!  the  type  of  boiler,  the  time  allowed  and  the  condition  of  the 
other  boilci-s  alK)ard.  For  instance,  steam  can  Ini  i-aised  much 
more  rapidly  in  a  water-tube  Inuler  than  in  a  long  double  ended 
cyliudrioal  boiler.     If  an  engineer  has  plenty  of  time  he  has  a  fire 
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built  in  one  furnace  and  steam  raised  very  slowly.  If  steam  must 
be  i-aised  quickly,  fires  are  started  in  all  the  furnaces  at  once  and 
some  means  is  employed  to  increase  the  circulation  ;  a  hydrokineter 
or  steam  from  another  lx)iler.  In  case  steam  is  up  in  an  auxiliary 
boiler,  the  fires  in  the  others  are  stai-ted  from  those  in  the 
auxiliary  l)oiler,  and  the  steam  from  the  latter  may  be  used  to 
pump  water  into  the  empty  boiler.  Where  there  are  no  auxiliary 
boilers,  steam  should  be  raised  slowly  by  building  a  fire  in  the 
lowest  furnace. 

Let  us  suppose  we  are  to  raise  steam  in  a  cylindrical  boiler 
which  is  empty.  First,  it  is  necessary  to  inspect  the  interior.  If 
the  plates,  tubes,  joints,  braces  and  stays  are  in  good  condition,  all 
openings  should  be  closed.  Before  closing  manholes  and  hand- 
holes,  all  tools,  materials  and  articles  used  in  repairs  or  inspection 
should  be  removed.  If  soiled  overalls,  hand-lam|>s,  etc.,  are  left 
in  the  boiler,  they  are  likely  to  cause  trouble  by  stopping  up  the 
outlets. 

It  is  important  to  have  the  safety  valves  in  good  working 
condition.  They  should  be  tried  often  so  that  they  will  not 
become  rusted  to  the  seats.  The  connections  to  the  water  column 
should  receive  particular  attention  as  they  are  very  likely  to 
become  clogged  with  salt,  especially  the  lower  ones. 

The  main  stop  valve  should  be  closed  but  not  tightly ;  it 
should  be  "  cracked  off  the  seat."  If  the  valve  is  closed  tightly 
it  may  l>ecome  jammed  to  the  seat  when  steam  is  formed.  It  is 
left  slightly  open  for  other  reasons  ;  it  gives  the  main  steam  pipe  a 
chance  to  become  warm  as  far  as  the  bulkhead  stop  valves  (if 
these  are  fitted)  ;  it  allows  condensation  to  be  drained  off  and, 
with  the  atmospheric  valve,  it  allows  the  air  in  the  steam  space  to 
get  out  (if  the  boiler  when  steam  is  formed.  If  there  is  no  outlet, 
the  air  in  the  steam  spjice  becomes  compressed  while  steam  is 
forming.  Hiis  imprisoned  air  when  compressed  prevents  the  free 
formation  of  steam  and  also  causes  the  pressure  gage  to  indicate  a 
pressure  greater  than  that  due  to  steam. 

Water  gages  and  cocks  may  be  left  ojien  until  the  water 
reaches  their  levels. 

Let  us  now  assume  that  the  boiler  has  been  thoroughly 
inspected  and  everything  is  in  good  working  order.     The  lK)iler 
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niiiy  1)0  filled  by  oiKjniiig  the  bottom  blow-oflf  valv*^  aii<l  the  sea 
valve*.  It  may  Ik;  filled  tlii-ough  the  top  manhole  by  means  of  a 
hose  from  the  shore  or  by  pumping  fn^sh  or  distilled  water  troni 
the  ship's  tanks.  Boilers  should  l>e  filled  with  wann  water  if  jKxssible. 

While  the  water  is  rising  in  the  boiler,  serious  leaks  may  be 
detected  by  placing  lamps  in  the  combustion  chamber  and  by 
opening  the  front  coiniection  doors. 

The  furnaces  may  be  charged  when  the  water  has  reached  the 
proper  height.  On  account  of  the  expansion  of  water  when  heated, 
the  filling  is  stopped  with  the  level  a  little  below  steaming  point. 

Building  the  Fire.  If  thei-e  is  a  fire  in  an  auxiliary  or 
donkey  l)oiler,  the  fires  in  the  boiU»r  under  consitlemtion  may  he 
start<»d  by  throwing  some  burning  coal  from  the  auxiliaiy  into  the 
furnace  or  furnaces  of  the  main  boiler.  If  this  camnot  be  done,  a 
fire  is  kindled  in  one  or  more  furnaces  of  the  boiler.  The  back  of 
the  grate  is  covered  evenly  with  a  thin  layer  of  small  coal ;  on  the 
front  of  the  bars  some  pieces  of  split  wood  are  laid  side  by  side, 
tlie  front  end  being  supported  by  a  couple  of  pieces  of  wood  placed 
crosswise.  If  hard  oal  is  used,  the  whole  of  the  grate  is  covered. 
Some  kindling,  shavings  or  oily  waste  is  then  placed  at  the  furnace 
mouth  l)elow  the  laver  of  wood. 

a 

When  the  fire  is  lighted,  the  fumfvce  doors  are  kept  slightly 
oi)en  and  the  ash  pit  doors  opened.  A  few  shovelfuls  of  coal  ai-e 
thrown  on  the  wood  as  soon  as  it  is  well  started.  When  the  coal 
at  the  front  of  the  funiace  l)ecomes  incandescent  it  is  gently 
pushed  back  and  moi*e  coal  added.  This  operation  is  repeated 
until  there  is  suilicicnt  incandescent  c:al  on  the  grate. 

The  fire  is  usually  built  in  the  lowest  furnace  so  that  the 
water  at  that  point  will  In^come  heated  and  cause  a  circulation. 
Some  cngineei*s  consider  that  a  l)etter  circulation  is  obtained  by 
stiirting  the  fire  in  one  of  the  vnng  furnaces. 

In  case  of  emergency  the  fires  may  be  lighted  as  soon  as  the 
water  covers  the  heating  surfaces  ;  but  this  is  not  good  practice 
an<l  should  be  avoided  if  possible.  This  rapid  raising  of  steam  is 
injurious  to  l)oilei's  especially  if  they  are  long.  Under  most  cir- 
cumstances three  hours  should  be  allowed  for  raising  steam  and 
more  if  possible.  For  a  long  doulJe  ended  cylindrical  boiler  six 
horn's  is  the  shortest  time  to  be  allowed. 
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When  building  the  fire  and  wliile  steaming  the  attention  of  a 
good  fireman  is  essential. 

Stoking.  A  complete  knowledge  of  stoking  can  be  obtained 
only  from  experience.  It  is  easy  to  throw  coal  on  a  fire  even  if 
the  doors  are  small ;  but  to  place  coal  just  where  it  ought  to  be 
placed  when  the  doors  are  four  feet  above  the  floor  and  the  ship 
is  rolling  is  not  an  easy  matter. 

Certiiin  varieties  of  coal,  (anthracites)  should  not  be  disturbed 
after  being  placed  on  the  fire,  hence  it  is  essential,  with  this  coal,  that 
the  firemen  should  place  it  accurately ;  the  fire  should  be  sliced 
frequently.  When  the  soft  coal  cakes,  the  fire  must  be  broken  up 
from  time  to  time  so  that  air  can  pass  through  the  bed  of  coal. 

The  fires  must  be  watched  carefully;  especially  at  the  sidfes. 
Air  has  a  great  tendency  to  rush  up  between  the  plates  of  the 
furnace  and  the  grate.  Also  air  finds  little  resistance  at 
thin  places.  All  hollow  places  must  be  filled  and  the  sides  kept 
heavy  or  a  damaging  excess  of  air  will  rush  with  great  violence 
into  the  combustion  chamber.  This  rush  of  air  is  called  back  draft. 
To  check  this  draft,  open  the  furnace  doors  slightly  and  close  the 
ash  pit  dooi-s.  To  prevent  the  back  draft  the  bed  should  be  carried 
thicker  and  leveled  frequently.  If  the  hollows  are  more  than  filled 
the  large  amount  of  cold  fuel  will  retard  combustion  at  those  places. 

A  good  fire  is  slightly  hollow  in  the  center  and  has  a  nearly 
level  appearance.  Continual  care  is  necessary.  All  fires  con- 
nected with  the  same  funnel  must  be  kept  equally  thick  or  the 
thin  ones  will  burn  away  fastest. 

Coal  should  be  placed  on  the  fire  frequently  in  small  quanti- 
ties. With  forced  draft,  of  the  closed  stokehold  system,  speed  in 
firing  is  of  the  utmost  importance ;  if  the  doora  are  kept  open  too 
long  the  inrush  of  cold  air  is  both  dangerous  and  uneconomical. 

Thickness  of  Fire.  The  necessary  thickness  of  the  bed  of 
fuel  on  the  grate  depends  upon  the  kind,  quality  and  size  of  the 
fuel,  upon  the  draft  and  upon  the  frequency  of  firing.  The  thin- 
ner the  fire  the  more  rapid  the  mte  of  combustion.  If  the  fires 
are  kept  thick,  less  cold  air  enters,  as  the  doors  are  opened  less 
frequently  ;  but  large  volumes  of  hydrocarbons  ai*e  produced  which 
are  often  at  such  a  low  temperature  that  they  pass  unconsumed  up 
the  chimney  and  are  wasted. 
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With  ordinary  chimney  draft,  anthracite  coal  of  egg  size 
may  be  carried  5  tr)  8  inches  thick.  With  smaller  coal  the  bed 
may  be  thinner.  If  less  than  4  inches  thick  it  is  difficult  to  keep 
the  grates  well  cdvered  especially  if  of  large  area-  With  free 
burning  bituminous  coal  and  natural  draft,  the  thickness  of  the 
bed  may  Ix)  6  to  8  inthes.  The  thickness  of  the  bed  with 
meclumical  dnift  should  be  much  greater,  the  thickness  depending 
upon  the  intensity  of  the  draft.  Bituminous  coal  should  be  fired 
moi^  frequently  than  anthnu-ite  on  account  of  the  hydro-carbons. 

When  the  fires  throw  a  uniform  bright  light  below  the  gnite, 
it  indicat(»s  a  clear  jwtive  lire.  When  the  ash  pits  are  dark,  either 
iniifonnly  or  in  spots,  it  indicates  an  accumulation  of  ashes  or 
clinker  on  the  grates.  In  such  cases  the  hook  bar  or  prick  bar  is 
run  througli  the  si)iic(*s  between  the  gmte  bars  from  beneath  and 
the  ashes  removed.  If  it  is  difficult  to  move  the  hook  bar,  it  is 
an  indication  that  the  fire  needs  "slicing."  That  is,  the  clinker  is 
to  be  removed  by  inserting  the  slice  bar  between  the  fuel  and  the 
grate.  The  edges  and  corners  are  likely  to  become  clogged  with 
ashes  and  cinders  unless  cleaned  frequently.  When  the  accumu- 
lation of  ashes,  cinders  and  clinker  become  so  great  that  they 
cannot  be  removed  by  pricking  and  slicing,  the  grate  must  be 
cleaned. 

Cleaning  the  fire  is  a  necessary  operation  although  it  is 
injurious  to  the  combustion  chamber  plates  and  tube  sheets.  This 
is  due  to  the  entrance  of  cold  air  while  the  door  is  open  and  the 
grate  Ixire.  It  should  be  done  at  i-egular  intervals  and  at  least 
once  in  (»very  twelve  horn's. 

Cleaning  the  Fire.  Heforc  cleaning  the  fire,  it  should  be 
allowed  to  burn  low  so  that  it  will  not  \)e  too  heavy.  It  should 
not,  liowever,  lx».  too  light,  or  there  will  not  \ye  chaff  enough  left 
to  start  the  fire  again.  The  steam  .should  l)e  up  to  full  pressure 
and  then'  should  1)e  ])lcnty  of  water  in  the  boiler  so  that  the  feed 
can  be  partially  shut  otT.  The  draft  should  be  nearly  closed 
durinir  clcaninij. 

With  soft  coal  the  fire  is  more  easily  cleaned  than  with  hard 
coal.  To  clean  the  fire,  the  fireman  shoves  back  the  incandescent 
(;oal  leaving  the  clinker  and  ashes  on  the  front  of  the  giiite  bars. 
The  clinker  is  hauled  out  and  the  fire  brought  to  the  front  on  the 
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clean  bars.  The  aslies  are  then  worked  through  the  giiite  bare  at 
the  Imck  and  the  clinker-  hauled  out  over  tlie  fire  to  the  floor 
plates.  The  clean  incandescent  coal  is  then  quickly  spread  all 
over  the  grate  and  covered  with  a  thin  layer  of  green  joal. 

Cleaning  the  fire  requires  skill  and  care  as  it  often  happens 
that  the  fire  goes  out  because  there  is  not  enough  coal  with  which 
to  stai-t  up  again. 

Rome  firemen  prefer  to  clean  one  side  at  a  time.  One  hali 
is  allowed  to  bum  down  and  the  ashes  and  clinker  removed  ;  the 
clean  bars  are  then  covered  with  green  coal  which  ignites  from  the 
heat  of  the  other  half.  After  a  time  the  other  side  is  cleaned  bv 
the  same  method. 

Another  plan,  used  with  coking  coal,  is  to  dmw  the  clinker 
forward  with  the  rake  or  hoe  a  little  between  each  firing  and  throw 
green  coal  on  the  bare  spots.  Clinker  should  be  removed  before 
it  gets  cold  or  it  will  be  difficult  to  detach  it  from  the  bai-s. 

For  hard  coal  the  cleaning  is  more  difficult  and  requires 
practice.  Fire  small  quantities  of  coal  frequently  until  the  proper 
depth  of  fire  is  maintained.  Then  the  slice  bar  may  be  run 
between  the  coal  and  the  fuel  to  shake  the  ashes  out.  Never  dis- 
turb a  hard  coal  fire,  that  is,  never  break  it  up  as  with  a  soft  coal 
fire.  With  hard  coal  keep  the  fire  as  level  as  possible  and  fim 
more  heavily  at  the  sides. 

Smoke  Consumption.  In  *'  Boiler  Accessories"  the  various 
methods  of  firing  to  consume  smoke  were  discussed.  In  the  marine 
boiler,  there  are  usually  three  or  four  furnaces  ;  these  are  fired  in 
turn,  so  that  the  smoke  may  be  consumed  if  there  is  a  common 
combustion  chamber,  and  the  foimation  of  steam  may  be  more 
constiint.     With  hard  coal  there  is  little  8mok(\ 

When  soft  coal  is  heated  great  volumes  of  volatile  gases  are 
liberated  which  must  be  burned.  Soft  coal  is  usually  fired  at  the 
front  of  the  furnace  where  the  heat  drives  off  the  hyilrocarl)ons 
which  are  consumed  while  passing  over  the  incandescent  coal. 
The  coke  is  then  shoved  l)ack.  A  new  supply  of  fresh  coal  is 
next  placed  at  the  front  of  the  grate.  This  plan  allows  the  use  of 
very  long  grates,  but  it  has  the  disadvantage  that  all  the  ashes  and 
clinker  collect  at  the  back  of  the  grates  where  it  is  hard  to  remove 
thein« 
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Banking  the  Fire.  It  frequently  happens  that  the  steam 
supply  is  to  be  temporarily  diminished  or  perhaps  stopped  entirely 
for  a  short  time.  In  such  cases  the  fires  should  be  banked  but 
not  hauled.  Before  banking  a  fire  it  should  be  cleaned  so  that 
there  will  be  a  clean  fire  when  it  is  started  again. 

Banking  the  fire  means  pulling  the  coal  together  in  a  heap  at 
some  portion  of  the  grate  ;   combustion  being  thus  retarded. 

There  are  two  kinds  of  banked  fires,  "heavy"  and  "light." 
In  case  it  Ls  desired  to  keep  the  steam  near  working  pressure  and  be 
ready  to  start  in  about  a  half  hour  the  fires  are  banked  heavy. 
The  fire  is  cleaned,  the  coal  gathered  together  in  a  pile  and  covered 
with  green  coal  until  the  heap  covers  about  one-half  the  grate 
bars.  Wlien  this  fire  is  started  the  heap  is  spread  over  the  whole 
grate  and  as  there  is  considerable  coal  in  the  pile  there  will  be 
a  normal  steaming  fire.  In  this  case,  the  bare  grate  bars  are 
usually  covered  with  ashes  to  keep  the  cold  air  out  of  the  combus- 
tion chamber. 

Witli  the  front  of  the  grate  covered  with  ashes  and  the  fire 
banked  heavy  everything  may  be  closed  and  all  cold  air  kept  out. 
The  steam  made  while  the  fire  is  banked  can  be  used  by  running 
dynamos,  distillers,  etc.,  or  it  may  be  taken  care  of  by  the  auxiliary 
condenser. 

In  case  the  fire  is  to  remain  banked  for  a  considerable  time 
and  the  pressure  is  allowed  to  drop  the  fires  may  be  banked  light. 
That  is,  the  amount  of  coal  used  is  much  less,  covering  only  about 
one-third  the  grate  or  just  enough  to  start  the  fire. 

There  is  a  difference  in  opinion  as  to  whether  the  fii-e  should 
be  banked  in  front  or  at  the  back.  It  is  more  generally  banked 
at  the  back. 

When  the  engines  are  stopped  suddenly,  but  the  boilers  are 
kept  ready  to  start  again  shortly,  the  excess  of  steam  goes  to  the 
condenser  by  opening  the  bleeder  valve  in  the  main  steam  pipe. 

Cleaning  Boilers.  Soon  after  the  fires  are  hauled  the  boilers 
should  be  cleaned.  The  tubes  should  be  swept,  beginning  with 
the  top  row.  While  doing  this  all  doors  except  those  of  the  front 
connection  should  be  closed,  so  that  the  dust  will  go  up  the  funnel 
and  not  into  the  fire-room.  Tube  brushes  should  be  made  of 
material  stiff  enough  to  detach  the  hard  scale  which  sometimes 
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adheres  to  the  tubes.  They  should  fit  the  tubes  snugly.  Tube 
scrapers  are  usually  made  of  strips  of  steel  arranged  spimlly. 

After  cleaning  the  tubes,  the  soot  and  ashes  should  be  removed 
from  the  smoke  box  and  combustion  chamber.  Scrape  the  scale 
from  the  plates  and  sweep  them  ofif  with  a  stiff  broom.  The 
f  ui-naces.  ashpits  and  grate  and  bearing  bars  should  then  be  cleaned 
of  all  soot,  ashes,  and  scale. 

All  nttings,  such  as  check  valves,  water  glass,  safety-valve, 
salinometer-pot,  etc.,  should  be  kept  clean  and  the  connections 
clear. 

The  scale  should  be  detached  as  soon  as  the  boiler  is  cool 
enough  to  enter,  because  usually  it  can  be  detached  more  easily 
when  damp.  If  the  scale  is  very  thin  it  should  not  be  removed  as 
it  protects  the  iron  or  steel  from  corrosion.  As  it  grows  thicker, 
it  prevents  the  transmission  of  heat,  causes  the  boiler  to  have  a 
lower  efficiency,  and  is  likely  to  cause  overheating. 

The  methods  of  removing  scale  are  numerous ;  those  which 
are  likely  to  damage  the  boiler  should  never  be  followed.  It  is 
much  better  to  prevent  the  formation  of  scale  than  to  be  obliged 
to  remove  it  after  having  become  thick  and  hard. 

After  the  scale  has  been  removed,  all  the  mud  and  rust 
should  be  scraped  from  the  shell,  the  loose  scale  knocked  from  the 
stays  and  the  boiler  washed  out.  A  strong  stream  of  water  from 
a  force  pump  will  often  clean  portions  of  the  boiler  which  are 
inaccessible.  After  washing  the  boiler,  the  drying  out  may  be 
hastened  by  placing  traj^  of  burning  charcoal  in  the  furnaces. 

It  is  very  important  that  the  boiler  be  kept  free  from  all  fatty 
acids  and  oils.  If  the  boiler  is  not  cleaned  frequently,  oil  will 
lodge  on  the  Btays,  tubes,  furnace  crowns,  tops  of  combustion 
chambers  and  on  the  shell.  Oil  is  dangerous  as  it  causes  over- 
heating. 

Repairs.  All  boilers,  no  matter  how  well  designed,  con- 
structed and  managed  need  repairs  from  time  to  time.  If  the 
repairs  are  not  made  promptly  and  with  the  best  materials  and 
workmanship,  the  entire  boiler  will  need  to  be  replaced.  The 
repairs  needecl  are  of  great  variety  and  the  methods  of  procedure 
for  similar  cases  differ  greatly. 

Replacing  Fire  Bars.     In  case  the  whole  grate  or  a  lai^ 
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number  of  fire  bars  drop  into  the  ashpit  or  are  badly  burned  the 
whole  grate  must  be  replaced  after  the  furnace  has  been  cleared 
out.  But  if  only  one  or  two  kii-s  have  dropped  out  they  may  be 
replaced  without  drawing  the  fire.  Some  firemen  are  skillful 
enough  to  throw  tiuMU  in  place,  but  a  better  phm,  especially  for 
those  at  the  back  of  tlu^  grate,  is  to  fasten  the  grate  bar  to  the 
slicer  with  yarn  and  place  it  in  position  ;  the  yarn  soon  burns 
away  and  the  slicer  can  be  withdrawn. 

Seams  and  Rivets.  All  leaky  seams  and  rivets  should  be 
calked  while  the  boiler  is  empty  ;  if  a  rivet  continues  to  leak  after 
calking,  itshould  be  cut 
out  and  a  new  rivet  put 
in.  The  same  applies 
to  rivets  which  have, 
through  corrosion  or 
wear,  become  so  small 
that  their  holding  pow- 
er is  greatly  impaired. 
Sometimes  bolts  are 
used  in  place  of  rivets 
when  the  boiler  is  so  old 
that  the  jar  caused  by 
riveting  is  likely  to 
cause  new  leaks.  When 
bolts  are  used  they  may 
be  made  tight  by  wash- 
el's  or  by  meansof  lamp  wicking  mixed  or  coated  with  white  or  red  lead. 

Furnaces  that  have  come  down  slightly  may  l)e  repaired  by 
means  of  dogs  that  are  similar  to  the  crown  bars  on  the  tops  of 
combustion  chambers.  The  furnace  plate  is  tapped  at  the  center 
of  the  bulge  and  a  dog  placed  lengthwise  along  the  top  as  shown 
in  Fig.  53.  Sometimes  it  is  necessary  to  place  the  dog  circum- 
ferentially ;  but  when  so  placed  it  ha«  a  gieater  tendency  to  slip. 
When  the  furnace  comes  down  nearly  the  whole  length  it  is  held 
up  by  a  series  of  dogs  or  by  placing  several  hoops  of  T  iron  around 
it.     Corrugated  furnaces  very  seldom  come  down. 

A  furnace  that  hjis  come  down  slightly  may  lie  I'estored  to 
its  original  shape.     The  distorted  portion  is  heated  to  a  dull  red 
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and  then  forced  to  the  oiiginat  shape  by  means  of  blocks  of  wood, 
a  screw  jack  and  a  piece  of  iron  of  tlie  shape  of  the  furnace.  If 
this  iron  is  heated  it  should  be  kept  in  place  until  lx)th  the  furnace 
and  the  iron  are  cold ;  this  process  anneals  the  furnace  ])late.  In 
case  of  eollafee  the  entire  furnace  must  be  tak«ii  out  and  n-placed. 
This  is  not  a  diiBcuIt  job  if  the  end  plate  and  the  combustion 
cliamber  p)ates  are  flanged  to  the  furnace. 

Circumferential  Seams  often  need  slight  repairs  on  account 
of  leaks.  These  repairs  should  be  made  as  soon  as  possible  as 
leaks  rapidly  increase.  They  are  easily  discovered  because  of  the 
lumps  of  salt  that  collect  at  those  places.  If  the  boiler  is  lagged, 
soft  spots  in  the  lagging  indicate  leaks  ;  if  the  leaks  are  not  looked 
after  promptly  they  will  cause  the  shell  to  become  weak.  Usually 
these  seams  can  be  made  tight  by  calking;  but  when  the  leak  is  too 
great  for  this  method  it  is  stopped  by  liolting  a  light  iion  cover 
plate  over  the  seam  as  shown  in  Fig.  54.  The  s[)ace  between  the 
Itoiler  and  the  cover  is  often  filled  with  cement. 


Fig. B4, 

Shell  Plates  are  jKitcIied  by  a  soft  patch  or  by  a  hard  jiatcli. 
A  soft  [>at«.'h  is  made  by  Keciiring  a  piece  of  plate  over  the  di'fei- 
tive  portion  of  the  boiler  shell  by  means  of  jiateli  iKiItw  or  studs. 
The  joint  is  made  tiglit  by  a  mixture  of  white  lead,  oil,  dry  ivd 
lead  and  iron  Ixirings  or  filings.  Soft  patches  must  always  be 
placed  on  the  inside  so  that  tlje  action  that  caiLsed  the  weakness 
in  the  original  plate  may  come  on  the  patch;  also  so  that  the  pres- 
sure will  not  have  a  tendency  to  blow  off  the  patch.  A  blistered 
plate  in  the  furnace  should  be  patched  on  the  outiid-:. 

Soft  patches  are  used  when  the  boiler  is  old  and  weak  ;  they 
should  never  be  applied  to  a  suiface  in  contact  with  fiie  or  hot 
gases  except  as  a  temporary  exjiedient  to  stop  a  bad  leak.  A  hard 
patch  is  one  that  is  formed  by  riveting,  or  fastening  by  patch  bolt'^, 
a  piece  of  plate  to  the  shell  and  making  the  joint  tight  b)'  calking. 
The  defective  part  of  the  plate  should  be  cut  away  and  the  patch 
made   large    enough   to   rivet  and   calk.     Hard   patches   should 
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always  be  placed  on  the  outside  directly  over  the  defective  part 
and  should  be  made  of  plate  of  about  the  same  quality  and  thick- 
ness as  the  boiler  shell. 

When  a  patch  is  to  cover  a  curved  or  uneven  surface,  a  tem- 
plate should  be  made  by  hammering  a  piece  of  sheet  lead  into 
place.  The  piece  for  the  patch  can  then  be  heated  after  drilling 
and  made  of  the  required  shape. 

A  short  crack  can  be  stopped  by  drilling  at  each  end  and 
several  intermediate  points ;  these  holes  are  countei-sunk  and  rivets 
placed  in  them.  The  rivet  heads  should  be  well  spread  l»y  ham- 
mering. For  a  long  crack,  the  plate  should  be  cut  away  and  a 
hard  patch  put  on. 


Fig.  66. 

Screw  Stays  are  often  replaced  both  on  account  of  the  wast- 
ing of  the  stay  and  because  of  the  wasting  and  bulging  of  the 
plates  forming  the  water-leg.  If  the  plates  are  thin  the  sUiys  are 
likely  to  leak,  especially  if  riveted  over.  Instead  of  renewing  the 
stay  bolt  and  placing  a  patch  on  the  plate  as  shown  in  Fig.  55, 
the  stay  is  sometimes  left  in  place  and  a  patch  put  on  as  shown 
in  Fig.  56.     The  latter  method  should  never  be  employed. 

When  the  plates  remain  uninjured  and  the  stay  has  wasted, 
a  larger  stay  may  be  inserted. 

Tubes  often  leak  at  the  ends ;  if  the  leaks  are  due  to  the 
tubes  they  may  be  plugged  temporarily  by  driving  a  pine  wood 
plug  into  the  end.  These  plugs  should  fit  snugly  and  have  a 
slight  taper.     When  the  leak  is  in  the  tube  somewhere  between 
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the  end  plate  and  the  back  tube  sheet  it  is  stopped  by  driving  a 

plug  into  the  tube  until  the  plug  covers  the  crack.     Tlie  plug  will 

swell  and  salt  up  in  a  few  minutes  so  that  the  leak  will  be  tightly 

stopped.     If  the  tube  plate  bulges,  more  of  the  ordinary  tubes 

should  be  used  as  stay  tubes  or  rods  may  be  used  in  place  of  some 

of  the  tubes. 

When  the  water-legs  and  bottoms  of  old  boilers  are  badly 
worn  out  and  cannot  be  made  tight  by  calking  and  patching,  they 
may  be  filled  with  cement.  The  cement  is  made  thin  and  run  in 
through  tlie  manholes.  The  surface  of  the  cement  filling  should 
not  be  as  high  as  the  fire  bars  and  the  extremities  of  the  feed  and 
blow  pipes  must  be  kept  clear. 

WATER  TUBE  BOILERS. 

For  many  years  the  cylindrical  boiler  has  been  almost  the  only 
type  used  in  marine  work.  It  has  for  that  reason  attained  a  high 
state  of  perfection.  At  various  times  engineers  have  tried  to 
introduce  water-tube  boilers  in  place  of  the  cylindrical,  but  on 
account  of  poor  design,  faulty  construction  or  bad  managements 
the  experiments  have  not  been  entirely  successful.  At  the  present 
time,  however,  an  increase  of  speed  is  demanded,  and  as  a  conse- 
quence higher  pressures  and  Ughter  machinery  are  necessary. 
With  this  increase  of  pressure  comes  increase  of  weight,  cost  and 
damage  in  case  of  explosion.  Engineers  see  that  the  cylindrical 
boiler  must  give  way  to  a  steam  generator  which  is  lighter, 
stronger  and  safer. 

A  water-tube  boiler,  if  well  designed  and  well  constructed, 
seems  to  fulfill  the  requirements.  Although  the  cylindrical  boiler 
is  serviceable,  eflScient,  and  can  be  made  to  stand  any  reasonable 
pressure,  yet  the  water-tube  boiler  possesses  many  advantages  over 
it.  When  the  same  care  and  skill  have  been  used  to  perfect  the 
water-tube  boiler  that  have  been  used  on  the  cylindrical,  it  ought 
to  be  as  efficient  and  reliable. 

The  principal  objections  to  the  cylindrical  boiler  are  the  great 
weight,  thick  plates,  difficulty  of  moving  in  and  out  of  the  vessel 
and  the  small  furnace  space.  This  last  disadvantage  has  already 
been  discussed.  Also,  when  the  boiler  is  under  forced  draft,  the  time 
allowed  for  the  products  of  combustion  to  give  up  their  heat  is  short 
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Among  the  advantages  of  this  boiler  may  be  mentioned 
economy,  and  steadiness  in  supplying  dry  steam.  It  is  also  far 
letter  suited  for  salt  water  than  is  the  water-tube  boiler  but  this 
is  not  a  great  advanUige  at  the  present  time. 

Water-tul)e  boileiB  are  built  in  a  great  variety  of  designs. 
Tliey  may  be  divided  into  different  classes,  as  straight  tube  and 
curved  tuUs  or  the  drowned  tube  (that  is,  those  having  the  up{>er 
ends  submerged)  and  thase  having  the  upper  ends  opening  into  the 
steam  space.  Also,  there  is  another  division ;  those  having  a 
steam  drum  and  those  having  none. 

For  convenience  let  us  divide  them  into  two  classes,  straight 
and  curved  tube.  In  the  first  class  we  may  place  among  others, 
the  Almv,  Belleville,  Babcock  and  Wilcox,  Heine,  Yarmw, 
D'Allrst  and  Niolausse.  A  few  of  those  liaving  curved  tubes  are 
the  Thorn ycroft,  Normand,  Mosher  and  Ward. 

* 

The  straij^lit  tube  lK)ilei*s  are  easy  to  clean  but  are  not 
a.s  flexible  and  therefore  steam  cannot  be  raised  in  theni  as 
quickly. 

The  various  water-tul)e  boilers  differ  in  detail  but  in  the  main 
they  art*  similar.  Of  those  used  in  marine  work,  the  Almy,  Belle- 
ville, Babcock  and  Wilcox,  Yarrow,  Thornycroft  and  Heine  are 
dt\sciil)e<l  in  "-  Types  of  Boi lei's."  Some  are  better  than  othei's  for 
certain  contlitit)ns  and  as  to  what  Ixuler  is  the  l)est  is  a  matter  of 
opinion.  Amon^^  the  conditions  which  it  is  desimble  to  satisfy 
arcj  the  followint' : 

1.  Lightness  of  structure  as  compared  with  the  cylindi'iciil 
boiler. 

2.  Simplicity  of  form  and  construction. 

3.  Rapidity  of  raising  steam. 

4.  Small  quantity  of  water  contained. 

5.  Great  strength  in  proportion  to  the  working  pi*essure. 

6.  (^apal)ility  of  furnishing  dry  steam  at  high  pressure. 
The  grate  area   is  determined   in  a  similar  nmnner  to  that 

used  in  designing  cylindrical  boilei-s ;  but  for  most  tyi)es  the  area 
must  be  greater  so  that  the  heat  may  be  distributed  evenly  over 
the  surface  of  the  tubes.  It  is  not  well  to  have  the  heat  too 
intense    near   any   of    the    tubes.      The    construction   of   most 
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water-tube  boilers  allows  plenty  of  space  above  the  fire  both  for 
complete  combustion  and  for  the  distribution  of  heat. 

The  tubes  should  be  made  of  solid  drawn  steel  of  the  best 
quality.  Copper  is  not  a  good  material  on  account  of  its  weak- 
ness at  high  temperatures.  They  are  from  1|  to  3  inches  in 
diameter  except  in  small  light  boilers  where  they  are  about  1  inch. 

The  circulating  tui>es  or  down  comers  are  usually  3  to  6 
inches  in  diameter.  They  should  not  be  exposed  to  heat  unless 
the  flow  is  constant. 

The  stays  in  these  boilers  are  not  as  numerous  as  in  the 
cylindrical.  The  tubes,  when  in  good  condition,  may  be  depended 
upon  to  hold  the  parts  together,  but  in  case  the  boiler  is  cooled 
suddenly  they  become  unreliable.  If  the  tubes  are  sti-aight  some 
of  them  may  be  fitted  as  stay  tubes. 

The  size  of  the  steam  drum  depends  upon  the  amount  of 
steam  genenited  by  the  boiler.  In  order  to  make  it  as  small  and 
as  light  as  possible,  the  boilers  are  sometimes  worked  at  high 
pressure  and  the  pressure  maintained  constant  at  the  engine  by 
means  of  a  reducing  valve. 

The  water-tube  boilers  having  the  upper  ends  of  the  tubes 
o{)ening  into  the  steam  space  have  dash  plates  and  internal  steam 
pipes  which  sepamte  the  water  and  steam. 

The  various  water-tube  boilers  have  the  following  advantages 
over  the  cylindrical  boiler : 

1.  Lighter  (weight  usually  about  ^  that  of  the  cylindrical). 

2.  First  cost  less  on  account  of  less  material  used. 

3.  Less  danger  of  damage  in  case  of  explosion. 

4.  Large  grate  area  and  larger  volume  for  combustion. 

5.  Greater  rapidity  in  raising  steam. 

6.  More  easily  placed  aboard  or  removed. 

7.  Can  be  forced  harder. 

The  last  three  conditions  are  of  great  importance  in  the  navy. 
As  to  the  relative  economy  there  is  much  difference  of  opinion  as 
the  conditions  vary  considerably.  In  general  the  economy  is 
about  equal  in  both  types. 

The  ease  of  making  repairs  depends  upon  the  type  of  boiler. 
The  sectional  type  can  usually  be  repaired  more  readily  than  othei-s. 
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These  boilers  have  several  disadvantages  among  which  uu}' 
be  mentioned  the  following  : 

1 .  Tendency  to  prime. 

2.  Difficulty  of  feeding. 

3.  Sensitiveness  to  corrosion  and  dirt. 

4.  Difficulty  of  repairing  tubes. 

These  defects  are  reduced  to  a  minimum  if  the  boiler  is  of 
good  design,  well  managed  and  constructed  of  best  material. 

Launch  Boilers.  The  boilers  used  in  torpedo  boats,  yaciits 
and  launches  should  be  safe,  light,  compact  and  economical.  Ak) 
they  sliould  be  capable  of  supplying  dry  steam  at  high  pressures. 
Small  vertical  fire-tube  boilers  are  sometimes  used  but  the  water- 
tube  boiler  is  better  adapted  to  this  work.  The  water-tube 
boilers  already  described  are  built  in  small  sizes  and  genenilly  give 
satisfaction.  Perhaps  the  most  used  boilers  for  fast  launches, 
yachts  and  small  vessels  are  the  Ward  and  Mosher.  These  boilers 
aie  similar  in  general  principles  to  most  marine  water-tube  boilers 
but  are  made  small,  light  and  compact. 
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The  propulsion  of  ships  l)y  nuvins  of  st(»ani  has  been  a  sub- 
ject of  much  interest  and  experiment  during  the  last  hundred 
years.  The  marine  engine  was  at  first  a  crude  piece  of  machinery 
very  bulky  and  wasteful  of  steam;  but  through  the  perseverance 
and  skill  of  engineers,  the  marine  engine  of  to-day  is  finely  finished, 
compact,  powerful  and  economical. 

As  in  stationary  and  locomotive  engines,  the  marine  engine 
mnst  fulfil  certain  requirements,  and  in  order  that  it  may  do  so 
the  engineer  must  overcome  certain  obstacles  and  restrictions. 

The  first  object  of  a  marine  engine  is  to  j)ro]K4  the  vessel 
through  water  at  the  required  speed.  It  must  also  be  so  designed 
and  constructed  as  to  be  readily  reversed.  In  order  to  be  com- 
mercially successful  the  engine  and  propelling  apparatus  must  be 
suited  both  to  the  ship  itself  and  to  the  required  service. 

Almost  all  vessels  ])ropelled  by  steam  obtain  their  motion  by 
the  projection  of  a  mass  of  water  in  the  direction  op|)()site  to  that 
of  the  vessel;  the  exceptions  being  so  few  and  unimportant  as  to 
require  no  discussion.  The  water  is  usually  ]»rojected  in  one  of 
three  ways: 

1.  By  one  or  more  wheels  called  screw  propellers  at  the 
stern  of  the  ship. 

2.  By  one  or  more  (usually  two)  paddle  wheels  outside  of 
the  boat. 

3.  By  some  device  (usually  a  pumj))  which  causes  tlu»  watt*r 
O  issue  in  jets  from  orifices  in  the  sttu'n  of  the  ship.  This  is 
%Iled  hydraulic  propulsion. 

The  oldest  of  these  three*  forms,  is  the  paddle  wheel  and  al- 

ougli  the  screw   propeller  is  far  better  for  sea-going  sliips,  the 

ddle  wheel  is  still  used  for  certain   kinds  of  service.     .It»t  |)ro- 

Ision  has  not  yet  beeome  eommon;  the  principal   reason   being 

space  used  for  the  machinery  an<l  the  large  openings  re(juire'.l 

he  sides  of  the  ship 
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The  screw  propeller  is  the  most  common  means  of  propulsion 
and  as  it  seoins  to  1)6  well  adiipted  for  the  work,  this  type  of 
machinery  is  worthy  of  the  moat  attention. 

Abontthe  Iic<;inniTi^  of  the  nineteenth  century,  many  scienti- 
fic men  and  niechiiiticB  tnrned  their  attention  to  the  application  of 
steam  to  navij^tion.  They  met  with  partial  success  hut  in  almost 
every  ca-se  the  project  was  abandoned  after  the  first  unsuccessful 
trial. 

Among  these  experimenters  was  an  American  named  Robert 
Fulton.  He  was  not  the  lirst  to 
propel  a  boat  by  means  of  Bt«am 
but  he  was  the  first  to  make 
steam  navigation  a  success.  Un- 
like those  who  abandoned  their 
work  afler  one  or  two  ummccess- 
fnl  trials  he  had  perserverance 
enough  to  continue  until  liis 
offorts  were  successful.  In 
1808,  while  in  Paris,  he  con- 
structed a  small  steamboat  the 
trial  trip  being  made  on  the 
Seine.  The  experiment  was  so 
successful  that  he  had  an  engine 
built  in  England  and  then  re- 
turned to  America.  In  the 
sprinji  of  ISOT  llic  "Clermont"  Wiis  lauiMihed  and  the  English 
en|riiie  ])ut  alxiiird  in  .\u<rust.  This  iHiat  was  133  feet  long,  18 
feet  beam  iiiul  7  fnl  in  breadth.  Tito  '*  ('lennont "  made  a  trip 
fnuii  Ni'W  Yoik  In  AlUuiy  (alxiut  lAO  miles)  in  32  hours  and 
i-ctnnifd  ill  'Mi  linnis.  The  sails  were  not  used  on  either  occasion. 
This  was  the  tii'st  successful  lonij  trip  ever  made  by  a  steamboat. 
The  eusrinc  of  the  "riiTinont"  was  coupled  to  the  crank 
sh;ift  by  a  IhII  crank  mid  llie  paddlf  wheels  were  connected  to  the 
cijuik  .sliaft  by  peiiiiug.  Die  cyliiidifra  were  24  inches  in  diameter 
and  of  4  feet  stroke. 

Fulton  aflerwanl  built  several  steamers  the  largest  one 
measuring  2.475  tons.  This  vessel  wiw  built  for  the  United  States 
Navy  and  was  a  veiy  large  steamer  for  tliat  period. 
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While  Robert  Fulton  was  building  steamers  with  success, 
Stevens  of  Hoboken  built  a  steamboat  which  showed  great  merit. 
He  used  it  horizontal  sectional  wafer-tube  boiler  with  a  working 
pressure  of  over  50  pounds  per  square  inch.  The  usual  pressures 
of  the  time  were  5  to  7  pounds.  His  engine  was  direct-acting, 
high  pressure  and  of  the  condensing  type.  The  most  remarkable 
feature  was  the  use  of  a  screw  propeller  of  four"  blades. 

In  Steventi'  second  boat,  the  engines  were  of  tiie  same  type 
ae    before,    but    twin  / 

screws  were  used  instead 
of  the  single  screw. 
Although  the  screw  pro- 
peller was  introduced  as 
early  as  1801,  it  was 
practically  given  up,  and 
for  about  thirty  years 
the  paddle  wheel  was 
the  principal  means  of 
propulsion. 

As  the  beam 
engine  of  S  a  very  and 
Watt  was  the  first  to 
become  successful,  natu- 
rally some  form  of  tiiii 
for  pa«ldle  wheels.  In 
motion  pass 


Fig.  a. 


I  type  was  the  first  to  become  common 
tlie  beam  engine  shown  in  Fig.  1,  the 
i  from  the  pistoii-rotl  to  a  crosshead,  and  then  is 
transmitted  by  a  rod  or  link  to  one  end  oE  tlie  beam;  from  the 
other  end  of  the  bean)  it  is  transmitted  to  the  crank  pin  and  shaft 
by  means  of  the  connecting-rod.  These  engines  are  well  suited 
for' side- wheel  pmldlc  steamers  and  have  been  used  on  river 
and  harbor  boats  for  many  years.  A  modification  of  the  beam 
engine  is  the  side-lever  engine  shown  in  Fig.  2.  This  type  was 
made  in  two  forms,  the  true  side-lever  as  shown  in  Fig.  2  and  the 
"Grasshopper"  engine.  Tlie  latter  differed  from  the  former  in 
that  the  lever  was  fulcrumcd  at  the  end  instead  of  in  the  center. 
Tliis  engine  possessed  several  advantages;  a  long  stroke  iu  a  shal- 
low ship,  simplicity  and  consequently  low  fii'st  coat  and  little  care. 
The  main  objections  were  its  weight  and  bulk. 
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The  oscillating  engine,  much  used  in  England,  was  well 
adapted  for  paddle  wheels.  It  is  shown  in  Fig.  3.  The  cylinders 
are  located  below  the  shaft  and  are  swung  on  truuiiions.  The 
piston-rod  being  connected  directly  to  the  crank  shaft,  makes 
fewer  parts  possible,  as  there  are  no  guides,  crosshead  nor  connect- 
ing-rod. Compactness  and  simplicity  are  among  the  advantages; 
_  _,_  the  disadvantages  being  the 

,"'  "^N  difiSculty  in   obtaining  early 

'  .  cutroff  and   liability   of    the 

trunnions  to  leak.  This  type 
of  engine  could  be  used  in 
an  inclined  position,  but  it 
worked  best  when  vertical, 
that  is,  the  piston-rod  vertical 
when  the  piston  is  at  the  end 
of  the  stroke.  These  were 
the  principal  forms  of  early 
vertical  engines. 

Another  type  is  the 
diagonal  or  Inclined  engine. 
This  engine,  aliown  in  Fig.  4, 
is  simply  a  horizontal  engine 
set  in  an  inclined  position, 
to  suit  the  height  of  the  shaft 
at  one  end,  and  the  franies 
of  Ihe  ship  at  the  other.  It 
takes  up  a  large  amount  of 
space  in  the  fore  and  aft  direc- 
tion, but  is  veiy  convenient 
when  space  is  not  one  of-  the 
objects  of  design. 
Of  the  other  types  of  horizontal  engines,  Penn's  trunk  engine, 
shown  in  Fig.  .5,  has  one  striking  peculiarity.  It  has  no  piston- 
rod  ;  the  connecting-rod  hinges  on  a  pin  or  gudgeon  in  the  center 
of  the  piston.  Inside  of  the  cylinder  and  concentric  with  it  is  a 
cylindrical  case  or  trunk  which  is  attached  to  the  piston  and  passes 
through  stuffing  boxes  in  both  ends  of  the  cylinder.  This  tmuk 
serves  as  a  support  for  the  piston  and  makes  an  equal  area  on  both 
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sides  of  the  piston  exposed  to  steam.  This  engine  is  light  and  com- 
pact, and  for  low  steam  pressures,  is  economical.  However,  if 
the  pressure  is  high,  the  friction  of  the  large  stuffing  boxes  is 
great ;  if  the  glands  must  be  made  very  tight,  the  engine  may  l)e 
stopped.  Again  the  loss  of  heat  from  the  alternate  heating  and 
cooling  of  the  large  surface  of  the  trunk  is  considerable. 

The  return  connecting^-rod  engine,  Fig.  6,  is  another  form 
of  the  horizontal  type.  In  this  engine  the  connecting-rod  is  on 
the  opposite  side  of  the  crank  shaft  from  the  cylinder.  There  are 
two  piston-rods,  one  above  the  shaft  on  one  side  of  the  crank,  and 
the  other  below  on  the  other  side.     The  piston-rods  are  fastened 


Fig.  4. 


to  a  crosshead  at  the  center  of  which  is  coupled  the  connecting- 
rod.  This  type  of  engine  has  some  advantages  and  many  disad- 
vantages. It  can  have  a  long  stroke  since  the  cylinder  may  be 
near  the  shaft.  It  is  not  adapted  for  compounding  as  the  cylin- 
ders cannot  be  made  of  the  proper  ratio  without  difficulty.  The 
double  number  of  stuffing  boxes  and  other  parb<,  together  with  the 
short  eccentric-rod,  make  this  engine  undesirable. 

The  forms  of  engines  already  dcscribtHl  weie  the  results  of 
early  attempts  to  solve  the  problem  of  steam  navigation.  When, 
alK)ut  the  year  1840,  the  screw  propeller  In'tran  to  gain  favor, 
many  experiments  were  made  to  determine  the  best  type  of  engine. 
With  the  rapidly-revolving  screw,  in   place  of  the  slow  paddle 
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wheel,  and  the  change  in  location  of  the  shaft,  a  new  type  of 
engine  waa  necessary.  A  change  was  made  from  the  long  stroke, 
heavy,  low-epeet!  engines  to  the  small,  light,  high-speed  type. 
This  change  was  not  made  at  once,  but  occurred  slowly  and  with 
many  blunders.  During  this  time  two  other  important  changes 
took  place.     The  increase  of  st^am  pressure  from  10  or  15  pounds 


Fig.  6. 

t»  50  or  60,  and  tlie  change  from  the  jet  condenser  to  the  surface 
condenser.  This  latter  change  was  of  great  advantage  because  it 
allowed  the  use  of  higher  steam  pressures  wliich  before  were  dan- 
gerous on  account  of  scale. 

With  the  higher  steam  pressure  was  produced  still  another 


Fig.  «. 


important  a<lvance.  It  became  known  among  oiigineei's  that  one 
of  the  greatest  causes  of  loss  in  the  engine  cylinder  vfas  the  iintial 
condensation  of  steam  necessary  to  raise  the  temperature  of  the 
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cylinder  walls.     The  great  expansion  desirable  made  the  cylinder 

walls  of  low  temperature  at  exhaust.     This  loss  was  prevented  to 

a  great  extent  by  dividing  the  expansion  among  several  cylinders. 

These  changes,  higher  steam  pressures,  surface  condensers. 


and  multi-expansion  engines  completely  revolutionized  the  marine 
engine.  Although  tliere  are  a  few  beam  engines  now  in  use  and 
some  of    the  older  types  of   iiorizon^l  engines   are  occasionally 
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seen,  the  modem  sea-going  steamer  is  fitted  witli  high  pressure, 
multi-cylinder  engines  fitted  with  surface  condensers  and  either 
cylindrical  tubular  boilei"s  or  water-tube  boilei-s.  These  engines 
are  direct-acting,  vertical  and  of  high  piston  speed. 

The  first  screw  engines  were  horizontal,  working  with  a  steam 
pressure  of  20  to  25  pounds  per  square  inch.  The  vertical  type 
soon  took  the  place  of  the  horizontal  because  of  the  difficulty  of 
fitting  horizontal  engines  in  ships. 

A  vertical  engine  for  a  launch  is  shown  in  Fig.  7.  This 
engine  has  the  same  parts  as  the  horizontal  engine;  piston,  piston- 
rod,  connecting-rod  and  crank.  The  chief  difference  is  the  frame. 
The  cylinder  is  supported  by  a  substantial  upright  framing  which 
consists  of  a  large  back  frame  and  a  light  front  column  or  heavy 
frames  as  shown  in  Fig.  7  shaped  like  the  letter  A.  The  engines 
may  have  two  guides  as  shown  or  but  one  guide.  The  positions 
of  the  links  and  eccentrics  are  changed  by  means  of  a  lever  but  in 
large  engines  the  link  is  shifted  by  means  of  a  small  steam  engine 
or  by  worm  gear  and  levers. 

Fig.  8  shows  the  section  of  a  triple  expansion  engine.  The 
high  pressure  cylinder  and  intermediate  cylinder  are  fitted  with 
piston  valves  and  the  low  pressure  with  a  double  ported  slide 
valve.  Tlie  pistons  are  of  cust  steel.  The  three  cranks  on  the 
hollow  steel  shaft  are  placed  120°  apart. 

MULTI  CYLINDER  ENGINES, 

The  engines  now  used  for  marine  work  are  compound,  triple 
expansion  and  quadruple  expansion,  the  triple  expansion  being 
the  most  common. 

The  advantages  of  the  multi-expansion  engine  are  briefly: 
The  decreased  loss  due  to  cylinder  condensation,  the  more  even 
turning  moment  on  the  shaft  and  the  reduction  of  pressure  on  the 
piston  and  consequent  reduction  of  weight,  friction,  etc. 

COnPOUND  ENGINES. 

The  cylinders  of  compound  engines  are  generally  arranged 
in  one  of  the  tliree  ways  shown  in  Fig.  9.  The  tandem  or  steeple 
arrangement  is  shown  at  A  ;  in  this  type  both  pistons  are  on  the 
8.ims  piston  rod  and  consequently  there  is  but  one  crosshead  and 


208 


12 


MARINE    ENGINES. 


only  one  crank.  The  steeple  eng^e  is  not  expensWe  on  account 
of  the  few  parts,  but  as  there  is  only  one  crank  the  turning  moment 
is  the  same  as  with  the  single  cylinder  engine.  In  A  the  arrows 
show  the  direction  of  the  steam. 

At  B,  the  cross  compound  arrangement  is  shown.  This  type 
is  often  called  a  fore  and  aft  compound.  There  are  two  cranks 
which  are  placed  at  right  angles  to  each  other.  For  this  i-eason  a 
receiver  is  necessary.  The  advantages  of  this  type  are  the  reduc- 
tion of  pressure  on  a  piston  and  the  more  even  turning  moments ; 
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however,  these  engines  having  more  parts  are  more  expensive  and 
they  require  more  floor  space  than  the  tandem.  Steam  enters  the 
high  pressure  cylinder  and  after  pushing  the  piston  through  a 
stroke  is  exhausted  into  the  receiver  from  which  it  enters  the  low 
pressure  cylinder,  is  further  expanded  and  then  goes  to  the 
condenser. 

The  third  arrangement  C,  called  the  three  cylinder  com« 
pound,  consists  of  one  high  pressure  cylinder  and  two  low  pressure 
cylinders.  The  high  pressure  cylinder  is  sometimes  placed  be- 
tween the  two  low  pressures.  The  cranks  are  usually  set  120° 
apart  and  cause  a  more  even  turning  movement  than  either  of  the 
compound  arrangements  shown  at  A  or  B.    If  a  compound  engine 
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is  to  develop  a  large  power  the  volume  of  the  low  pressure  must 
be  considerable;  by  dividing  it,  each  cylinder  may  be  made 
smaller  and  therefore  more  easily  manufactured. 

The  receiver  of  a  compound  engine  is  the  space  between  the 
high  pressure  piston  when  at  the  end  of  the  stroke  and  the  back  of 
the  low  pressure  valve  and  includes  the  ports  of  the  high  pressure 
cylinder  and  the  pipe  which  leads  from  the  high  to  the  low. 
Formerly  large  reservoirs  were  fitted  as  receivers  but  it  is  now  the 
custom  to  make  the  pipes  between  the  cylinders  large  as  experience  * 

A  B 


Fig.  10. 

has  shown  the  volume  to  be  sufficient.  The  capacity  of  the 
receiver  does  not  effect  the  total  power  of  the  engine  but  the 
effect  of  the  size  is  shown  on  the  back  pressure  line  of  the  high 
pressuie  diagram  and  the  admission  line  of  the  low  pressure.  As 
the  volume  of  the  receiver  is  increased  the  back  pressure  line  of 
the  high  becomes  more  nearly  straight,  and  the  admission  line  of 
the  low  more  nearly  parallel  to  the  atmospheric  line. 

Triple  expansion  engines  have  two  receivers  called  the  first 
receiver  and  the  second  receiver.  The  same  principles  apply  to 
the  receivers  of  triple  expansion  engines  as  to  compound  engines. 

TRIPLE  EXPANSION  ENGINES. 

The  triple  expansion  engine  having  three  or  more  cylinders 
may  have  many  different  arrangements  according  to  the  fancy  of 
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thft  'l«»igrier  ami  tlie  spuce  in  the  ship.  The  three  erank  engine 
in  the  tn'^t  comnion.  The  airangenteot  at  A.  Fig.  10  shows  tlie 
natural  sstiaence.  It  is  the  most  useil  tTi>e;  the  steam  going 
iliri;ctly  from  one  cylinder  to  another  nith  a  niinimum  amount  of 
piping.  The  amingenieut  ahonn  at  B  Li  similar  to  that  of  A  imt 
retguires  mori:  jiiping.  Sometimes  the  high  pressure  critnder  is 
pWef]  in  tlie  miiMli^  In  the  three  crank  engines  the  cranks  exert 
an  even  turning  rnovement  on  the  shaft  as  they  are  usually  placed 
at  laO''  apart. 

Triple  fxjiitiisinn  engines  may  have  but  two  cranks.     A  com- 


mon iirraiiff';umiit  of  this  tyjK!  is  shown  at  A,  Fig.  11.  The 
ciiiiiks  iiif!  ])liu-ed  «t  light  angles  to  each  other  which  does  not 
peiiiiit  iif  uii  even  tinning  movement,  especially  a:j  it  is  difficult 
to  divide  tlie  ]»ower  eqimlly  between  the  two  cranks.  It  has  the 
siilvaiitiige  of  (expanding  the  steam  in  three  sta:ges  and  is  an  easy 
Wiiy  to  iiiiiki!  a  steeple  compound  into  a  triple  expansion.  By 
using  two  high  preMsiire  eyliiulers,  one  over  the  low  and  one  over 
tlic  iiitennediafe,  this  form  is  muuh  iinproTed. 

An  an-angement  for  very  hirge  triple  expansion  engines  is 
showu  at  11,  Fig.  11.     In  tliis  c;^6  there  are  thi-ee  low  pressure 
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cylinders  and  two  intermediate.  The  large  volume  of  the  low 
pressure  is  thus  divided  among  three  of  moderate  size.  Triple 
expansion  engines  are  seldom  made  in  very  large  sizes  as  twin 
screws  are  often  used  and  in  some  cases  each  shaft  has  two  separate 
engines.  Thus  in  the  U.  S.  S.  "New  York"  there  are  four 
separate  triple  expansion  engines,  two  for  each  screw. 

QUADRUPLE  EXPANSION  ENGINES. 

The  quadruple  expansion  engine  is  a  further  development  of 
the  compound  engine.  The  advantage  gained  by  expanding  the 
steam  in  four  stages  is  slight  unless  the  boiler  pressure  is  at  least 
200  pounds  per  square  inch.     Even  at  this  pressure  the  triple 


USE, 


expansion  engine  is  almost  as  economical  and  the  increased  first 
cost  of  a  quadruple  expansion  engine  often  equals  the  slight  gain 
in  economy.  The  many  cylindera  of  the  quadruple  expansion 
engine  make  it  possible  to  use  many  combinations.  An  arrange- 
ment for  a  four  cylinder  quadruple  expansion  engine  is  shown  in 
Fig.  12.  The  cranks  are  placed  90°  apart.  The  four  cranks  are 
an  advantage  as  far  as  turning  moment  is  concerned,  but  the  floor 
space  occupied  is  considerable.  The  quadru[)le  expansion  engine 
can  have  two  cranks ;  this  plan,  however,  is  not  generally  con- 
sidered as  good  as  the  three  crank  triple,  except  in  the  floor  space 
Siived. 


107 


16 


MARINE     EXGIXES. 


As  the  water-tube  boiler  Ls  becoming  more  and  more  common, 
ve/y  high  pressures  can  be  carried  witli  but  slight  risk.  This 
increase  of  pressure  will  2)robably  cause  the  quadruple  expansion 
engine  to  take  the  [)liice  of  the  triple  expansion  in  tlie  siime  way 
that  the  triple  expansion  has  taken  the  place  of  tlie  compound. 

NAUTICAL  TERHS. 

The  plan  of  a  vessel  is  represented  in  Fig.  13.  The  forward 
or  front  part  is  called  the  bow ;  the  extremity  A  is  called  the 
stem.  The  rear  end  of  the  vessel  is  called  the  stern.  If  an 
object  is  near  the  bow  it  is  said  to  be  forward;  if  near  the 
center  C  it  is  amidship  and  if  near  the  stem  it  is  aft.  An 
object  placed  so  that  its  direction  is  parallel  to  the  line  A  B  is 
Baid  to  be  placed  fore  and  aft.  Thus,  if  a  compound  engine  is  so 
placed  that  the  crank  shaft  lies  along  the  line  A  B  it  is  called  a 
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fore  and  aft  compound  engine.  If,  however,  an  object  is  so  placed 
that  its  direction  is  a^  right  angles  to  A  B  or  is  parallel  to  E  F  it 
is  phiced  athwartship.  To  one  stiuiding  on  the  deck  and  facing 
the  bow,  the  starboard  side  is  on  his  right  and  the  larboard  or 
port  side  is  on  his  left. 

The  width  of  a  ^^'essel  E  F  is  its  beam  and  the  perpendicular 
distance  from  the  lowest  part  of  the  vessel  below  the  water  line 
to  the  surface  of  the  water  is  called  the  draught.  The  lengtli 
of  <i  vessel  may  be  measured  on  the  water  line,  between  per|)en- 
diculars  or  over  all.  The  beam,  draught  and  length  are  expi*essed 
in  feet  and  inches.  The  displacement  of  a  vessel  is  equal  to 
the  weight  of  water  that  it  displaces  and  is  usually  expressed  in 
tons  of  2,240  [)Ounds.  The  displacement  varies  with  the  draught 
because  the  deeper  the  hull  sets  in   the   water  the   greater  the 


\0B 


MAfttNfi    fitJGlNfiS,  i1 


amount  of  water  it  will  displace.  To  find  the  displacement  in 
tons,  divide  the  number  of  cubic  feet  under  the  water  line  by  35. 
If  the  vessel  is  in  fresh  water  divide  by  35.93. 

The  speed  of  a  ship  is  sometimes  expressed  in  miles  i)erhour ; 
the  mile  containing  5,280  feet.  More  often,  however,  it  is  ex- 
pressed in  knots  per  hour.  The  knot  contains  6,080  feet  and  is 
equal  to  about  IJ  miles.  Whether  the  speed  is  expressed  in 
miles  or  knots,  it  is  always  understood  to  mean  per  hour. 

DETAILS. 

The  Cylinder.  The  steam  cylinder  for  a  marine  engine  is 
shown  in  Figs.  8  and  14.  The  cylinder  consists  of  three  distinct 
parts  ;  the  shell  or  outer  casting,  the  liner  and  the  cover. 

The  shell  is  the  casting  which  encloses  the  liner  in  which  the 
piston  works.  The  shell  also  includes  the  bottom  and  the  ports 
or  passages  through  which  steam  entei*s  and  leaves  the  cylinder. 
The  shell  casting  is  very  complicated  and  for  this  reason  steel  Ls 
seldom  used.  Cast  iron  that  runs  freely  is  the  best  material 
This  ciist  iron  is  suitable  for  the  complicated  shape  but  is  not  hard 
enough  to  form  the  working  surface.  At  the  side  of  the  barrel 
the  casting  forms  the  steam  and  exhaust  [)orts.  If  a  piston  valve 
is  used  the  casting  is  mside  of  such  a  sha[)e  that  the  ciicular  seats 
may  be  fitted.  If  a  slide  valve  is  employed  the  cylinder  termin- 
ates in  a  flat  face,  called  the?  (cylinder  face,  upon  which  the  valve 
slides.  As  the  iron  of  the  cylinder  shell  is  too  soft  for  a  wearing 
surface  a  false  face  of  hard,  close-giained  cast  iron  is  fitted  to  the 
casting  as  shown  in  Fig.  8.  The  casing  which  encloses  the  valve 
is  sometimes  cast  with  the  shell  and  has  a  removable  cover  or  is 
made  entirely  sepamte  and  bolted  to  the  casting. 

The  bottom  or  ci-ank  end  of  the  cylinder  is  usually  cast  with 
the  shell  although  this  portion  is  sometimes  made  separate  like  the 
cover.  In  large  cylindei-s  a  manhole  is  placed  in  the  bottom  so 
that  the  inside  may  be  examined  without  removing  the  cover  and 
piston.  In  the  center  of  the  bottom  is  a  circular  hole  in  wliich 
the  stuffing-box  is  fitted.  This  hole  also  facilitates  the  boring  of 
the  cylinder.  The  feet  or  lugs  to  which  the  columns  are  secured 
are  cast  on  the  bottom. 

The  cover  is  fitted  to  the  top  or  open  end  of  the  cylinder. 
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and  is  usually  of  steel  so  tliat  it  will  be  strong  and  ligtu. 
Soinetimes  both  the  cover  and  bottom  are  ciwt  hollow,  tho  sitate 
forming  the  steain  jacket,  but  more  often  it  is  a  Mingle  thickness 
atrengthened  by  radixd  ribs.  Thealmpe  of  the  cover  de])eti<ls  njxm 
'  the  kind  of  piston  used  and  ujxm  the  ainingenients  of  the  steam 
jiortiS. 

27n'  Ihier  or  w<irking  iKiirel  is  a  cylinder  or  hush  of  hanl, 
close-gniined  cast  iron  or  forged  steel.     It  is  ustiuUy  fastened  in 


Pig.  14. 

the  cylinder  aholl  by  flanging  the  lower  end  and  Gtted  with  set 
screws  or  Iwilta  as  shown  in  Fig.  1.5.  The  top  end  is  left  free  to 
expand.  Tlie  joint  is  kept  steam  tight  so  that  steam  will  not  pass 
from  the  jiic-ket  to  the  cylinder.  The  metliods  of  constniction  arc 
shewn  in  Figs.  15  and  1*5.  The  methods  shown  in  Fig.  IG  employ 
a  copper  i-ing  sccure<i  by  sct-serews.  These  methods  make  a  good 
lasting  joint  and  th«  cop^ter  allows  for  expansion. 
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The  spai;c  I«etween  tlie  liner  ami  tin:  Kliell  is  f rom  |  to  IJ 
iiirhcs.  It  foriiw  tlie  Kteam  jacket  wliidi  reiluces  cylmdor  coii- 
densatioii  and  iiids  the  wimiing  of  the  cylinder  [.revions  to  stiirt- 
intj.  In  some  ciisoa  the  inner  and  outer  Ciising  hiive  I)eeii  made  in 
one  fasting,  hut  this  causes  a  very  complex  casting  and  much 
tmuhle  from  unequal  expansion.  Also  tlie  8e[Mirat«  liner  allows 
the  use  of   i  harder  inm  oi  bteel  a»  the  wL'iring  surfate       \notTiep 

advjintagi,  nf  tin.  sepii  ite  1int.ris  theeise    j ~ 

witli  which  it  c  m  be  replaced  or  le  boied 
when  worn 

Cylindeis  of  lai^e  marine  engines 
are  usually  to\eied  with  bome  non-con- 
ducting niatdml  to  pre\ent  lois  of  heat 
liy  nidiatnin  If  high  pitsfuie  13  used 
the  liij^ing  must  l>e  incomlxiRtihle,  at 
least  ill  llic  portions  whicli  are  close  to 
tlie  hot  surfaces. 

5tuffln£>boxes.  In  order  that  tlie 
piston-rod  may  enti-r  and  leave  the  cylin- 
ihT  without  causing  leakage,  stuffing- 
Ix.xes  are  fitted  to  tlie  Ixittoin  of  the 
cylinder  iind  to  the  cover  when  the  piston- 
rod  is  prolonged  and  jMisses  through  it. 
The  principal  ref|uireriient  of  a  stufliiig- 
hox  is  that  it  sliould  allow  the  rod  to 
move  freely  witliout  leakage. 

Stu fling- Imxes  vary  in  detail  Imt  tlie 
principle  is  the  same  in  all.  Fig.  17  showsastinple  form.  A  hush 
l>  is  litUiil  where  the  rod  pa-ises  through  the  Ijottom  of  the  cylinder. 
Tliis  is  usually  of  hrass,  guii-metiil  or  babbitt.  The  glaiid^  is  fitted 
to  the  outer  end  of  tlie  stnfling-hox  and  is  adjusted  by  liolla.  The 
spaee  I  iHitwceii  the  biisli  and  the  gland  is  filled  with  some  kind  of 
I«irkiiig.  TIlis  is  iisiiiilly  In  tlie  furin  of  rings  which  encircle  the 
pi-ston-rod.  When  tin-  glatnl  //  is  pushed  itiwanl  by  means  of  llu! 
nuts,  tliC  [Mickiiig  is  spreiid  out  hilemlly  an<l  fills  the  Sjiace.  TIio 
farther  the  gliiml  is  foived  in,  tlie  ligiiler  tin-  [iiickiiig  grips  Ihe  i-od. 
The  tigiitness  should  Imj  adja.sted  so  that  the  iwl  will  iiuive  with 
htth?  frieti'in  hut  it  must  1h»  tiglit  enough  to  prevent  leak:^^. 
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The  material  nsed  for  {lackiiig  depends  npon  the  condiUons. 
With  low  pressure  eteam  asbestos  fibre  has  been  used  witfa  more 
or  less  8Uc-ces.s  de|)endlng  upon  the  couditious.     For  h%h  pressure 


steam  and  continuous  work,  metallic  packing  is  a  necessity.  A 
stufling-box  fitted  with  metallic  packing  is  shown  in  Fig.  18. 
The  [lacking  is  in  the  fonn  of  rings  of  white  metal  having  a  tri- 
Each  ring  is  ma<1e  in  two 
lengths.      Alternating    vith 


angular   section   ■.\s  shown   at  VT. 

h 


tliese  are  rings  of  gun-metal 
G  also  of  triangular  Bection. 
A  ring  F  containing  a  num- 
ber of  spiral  springs  is  fitted 
next  to  the  gun-metal  bush. 
These  springs  tend  to  keep 
the  metallic  rings  in  contact 
with  the  rod  by  means  of  the 
pressure  on  the  inclined  sur- 
faces. The  gland  Vis  screwed 
down  t^  the  stuffing-box  and 
held  in  place  by  nuts  on  the 
bolts.  This  gland  keeps  the 
packing  rings  in  place.  The 
[iressure  of  the  springs  takes 
np  thi-  slight  wear.  The  gland  V  ia  recessed  to  form  a  space 
for  ordinary  asbestos  packing  which  prevents  the  escape  of  any 
steam  that  may  leak  past  the  metallic  rings.  Tlie  gland  H  need 
not  be  screwed  in  very  tight.  A  second  recess  is  formed  in  the 
gland  H  for  a  soft  gasket  to  hold  oil  or  water  lubricant  on  the 
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Pistons.  The  piston  is  a  iUbo  which  is  secured  to  the  enil  of 
the  piston-rod  and  on  which  the  steam  acts.  Pistons  were  mada 
of  cast  iron  but  in  most  modern  marine  engines  they  are  of  cast 
steel.  Cast  steel  pi:stons  are  made  of  a  single  tliickness  and  are 
much  lighter  than  a  east  iron  piston  of  equal  strength.  Fig.  19 
allows  the  general  form.  The  main  pai-t  or  body  B  is  dished  to 
secure  stiffness.  At  the  circumference,  which  n  made  quite 
broad,  there  is  a  flange  V 
which  carries  the  packing 
ring  11.  The  [>acking  ring 
is  made  of  hard,  close 
grained  cast  iron  or  phos- 
phor bronze.  It  is  east  as 
a  hoop,  is  turned  to  the 
correct  diameter  am'  then 
cut  at  one  pait  It  i-i 
pressed  against  the  linei 
by  tlie  springs.  The  junk 
ring  J  liolds  the  nng  ind 
springs  in  place.  The  img 
R  is  carefully  Bttod  and 
scraped  to  form  a  steaTu 
tight  bearing  with  the  sur- 
faces of  tlie  junk  ring  and 
flange.  The  junk  ring  is 
secured  by  bolts  which  are 
sometimes  screwed  into  gun-metal  plugs  M,  Fig.  20,  instead  of 
into  the  piston  itself.  This  construction  is  udvaiit^eous  if  the 
ring  must  be  removed  frequently.  The  bolt  heads  E  are  some- 
timea  pr^-vented  from  slacking  back  by  the  light  guard  ring  O 
which  beara  against  the  bolt  heads.  The  guard  ring  is  secured 
by  bolts  the  nuts  of  which  may  be  secured  by  split  pins. 

In  tlie  piston  shown  in  Fig.  19  the  pjicking  ring  Is  pressed 
t^inst  the  liner  by  springs  of  the  coach  spi'ing  pattern.  As  the 
pressure  is  likely  to  vary  at  different  points,  spiral  springs  as 
shown  in  Fig.  21  may  be  used.  These  are  sometimes  preferred. 
Another  plan  is  to  use  a  continuous  spring  which  encircles  the 
entii-e  piston. 


Fig.  18. 
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'  Soinetiiiu»s  the  i)acking  ring  is  turned  to  a  greater  diameter 
than  that  of  the  inside  of  the  liner.  A  piece  is  then  cut  out 
obliquely  and  the  ring  compressed  to  fit  the  liner.  The  elasticity  of 
the  ring  tends  to  keep  it  against  the  liner.  To  prevent  steam  from 
leaking  through  the  joint  a  tongue-piece  is  fitted  back  of  the  ring 
as  sho^v^l  in  Fig.  10,  at  T.  The  tongue  T  fits  into  the  slot  in  the 
ring,  passes  across  the  gap  and  enters  the  slot  in  the  other  end  of 


L^^^ 


the  ring.  The  plate  1),  Fij^.  22,  in  the  same  piece  with  the  tongue 
T  is  fitted  to  tlie  inside  of  the  ring.  The  tongue  piece  D  is 
fastened  U)  one  end  of  the  ring  R  by  screws  G,  and  as  it  is  fastened 
to  but  one  end  the  otlier  is  free  to  move. 

The  piston-rod  is  usually  made  of  forged  steel.  The  piston 
is  secured  to  tlie  rod  by  a  variety  of  methods,  but  the  simplest  is 
the  most  common.  By  this  plan  a  cone  of  slight  taper  is  formed 
on  the  rod  an<l  a  shoulder  formed  at  the  large  end  as  shown  in 
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Fig.  20. 


Fig.  14.  The  caned  end  is  carefully  fitted  to  a  similar  hole  in 
the  boss  of  the  pUton  and  a  nut  fitted  at  t)ie  small  end  of  the 
cone.  The  nut  is  used  to  tighten  and  hold  the  piston  on  the  rod. 
Sometimes  the  shoalder  at  the  base  of  the  cone  is  omitted  as 
shown  in  Figs.  8  and  19.  The  nut  un  the  end  of  the  piston-rod. 
is  kept  from  slacking  hack  by  the  guard  ring  or  other  device. 

ROTARY   nOTION. 

The  marine  engine,  like  the  etatioiiary.  Is  a  reciprocating  and 
rotary  engine.  In  other  words,  the 
steam  drives  the  piston  back  and 
forth  in  a  straight  line  in  the  cylinder 
and  this  motion  is  converted  into 
rotary  motion  by  means  of  the  con- 
necting-rod and  crank. 

The  motion  of  tlie  reciprocating 
parts  is  illustrated  by  Fig.  23  ;  one 
diagram  representing  the  down  stroke 
and  the  other  the  up  stroke.  In  these 
diagrams,  P  represents  the  piston,  PT  the  piston-rod,  TR  the 
connecting-rod,  RS  the  crank  and  S  the  shaft.  Tlie  end  T  of  the 
pbton-rod  is  made  to  move  in  a  straight  line  by  the  guide  G. 

Suppose  the  engine  is  moving  in  the  direction  indicated  by 
^  the  arrows  NN.     The  piston  is 
^  driven  first  in  one  direction  and 
I  then  in  the  other,  but  for  either 
I  direction  the  force  acting  along 
I  the  piston-rcid  PT  is  resisted  by 
j  the   propeller.      This  produces 
•  tension  or   comprcasion   in    the 
I  connecting-rod  according  Ui  the 
I  stroke.      The   arrows    indicate 
I  tlie  direction   of    these    forces. 
j   The  forces  acting  in  tlie  piston- 
rod  and  connecting-rod  produce 
a  resultant   force  at  the  croas- 
hnad  which  is  townrd  the  guide, 
for  the  direction  of  rotation  shown  by  the  arrows  NN.     While  the 
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engine  is  turning  in  this  direction  tlie  pressure  is  on  the  guide  as 
shown  during  both  strokes.     If  however,  the  engine  turns  in  the 

opposite  direction  the  crosshead 
will  tend    to    leave   the    guide 
T  G  or  the    resultant    force    will 

^S'  22.  act   in   the    opposite  direction. 

The   force   acting   at  the  crosshead   is   resisted   by   the   guide. 

Crosshead.  The  end  of  the  piston-rod  terminates  in  the 
crosshead  to  which  the  connecting-rod  is  attached.  There  are 
many  different  forms  of  crossheads  depending  upon  the  frame  and 
connecting-rod.  In  Fig.  7  is  shown  the  arrangement  when  there 
are  two  heavy  uprights.  The  crosshead  has  a  bearing  on  both 
frames.  For  this  form  of  crosshead  the  connecting-rod  is  almost 
always  forked,  that  is,  the  connecting-rod  divides  and  has  a  bear- 
ing at  each  side  of  the  crosshead. 

In  Fig.  8  the  crosshead  is  of  the  slipper  type.  In  this  type 
the  guide  is  on  one  frame  only  and  a  portion  of  the  crosshead 
called  the  slipper,  slides  on 
this  bearing  surface  and  is 
held  in  place  in  a  sort  of 
groove  or  channel  of  a  shape 
as  shown  in  Fig.  24.  The 
slipper  slides  on  surface  A  of 
the  guide  plate  P  which  is 
secured  to  the  frame.  While 
the  engine  is  going  ahead  the 
thrust  on  the  crosshead  keeps 
the  slipper  pressed  against 
this  surface.  The  flanges  FF, 
secured  by  bolts,  resist  the 
thrust  when  the  engine  is 
going  astern  and  keep  the 
crosshead  in  the  channel.  Fig. 
24  shows  that  the  ahead  sur- 
face is  greater  than  the  astern. 


Fig.  23. 


This  arrangement  works  well,  for  a  marine  engine  seldom  runs 
astern  at  full  power  for  any  length  of  time.  The  space  back  of  the 
plate  P  may  be  used  for  the  circulation  of  sea-water  to  keep  the 
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pl.ite  cool.  In  some  forms  of  slipper-orosshead  the  cro&sliead  is  built 
around  the  guide,  which  is  a  piece  of  steel  of  rectangular  section, 
instead  of  being  enclosed  in  tlie  guide.  In  the  ciosshead  shown 
in  Fig.  7  the  astern  surface  is  equal  to  the  ahead  surface. 

ConiwctinE>rod.  The  connecting-rod  is  joint«d  to  the 
crosshead  at  one  end  and  to  the  crank-pin  at  the  other.  The  rod 
itself  is  usually  round  or  rectangu 
lar  sometimes  tapering  with  the 
small  end  at  tlie  crossheiid.  The 
large  end  is  made  to  turn  on  the 
crank-pin  and  is  formed  as  show  n 
in  Fig.  25.  The  end  is  made  with 
s  jaw  J  BoHil  with  tlie  rod.  The 
cap  C  is  held  to  the  jaw  by  two  bolts  BB  which  pass  through  the 
jaw  and  cap;  the  nute  of  these  bolts  are  usually  prevented  from 
slacking  back  by  some  approved  locking  device.  Tlie  head  and  cap 
are  shaped  so  as  to  receive  the  brasses  00  which  fit  the  crank  pin. 


Fig.  24. 


These  brasses  often  have  white  metal  strips  AA  fitted  in  tha wearing 
surface.  The  white  metal  is  an  alloy  which  works  well  and  can 
easily  be  replaced.  The  distance  pieces  or  liners  R  are  fitted  for 
adjustment  When  the  brasses  wear,  these  liners  can  be  taken  out 
and  filed  thiuner  but  to  obtain  greater  accuracy  and  lessen  the  time 
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requiivd  the  linei-s  are  often  made  up  of  thin  strips  of  metal  so 
that  a  tliin  strip  can  be  removed.  The  liner  may  be  made  of  a 
cjist  distance  piece  and  seveml  thinner  pieces  on  each  side.  To 
obtain  smootli  working  especially  at  high  speed  the  brasses 
should  \ye  screwed  hard  to  the  liners. 

If  the  small  end  of  the  connecting-rod  is  not  forked,  the  end 

is  made  similar  to  the  end  shown 
in  Fig.  25.  Wlien  forked  it  has 
an  apj)earance  as  shown  in  Fig. 
26.  The  end  carries  a  pair  of 
bi*asses  BB  in  each  end  which 
lit  the  pin  F  which  projects  each 
side  of  the  crosshead.  The  caps 
g  C  are  held  by  bolts  in  the  same 
manner  as  for  the  large  end. 
The  movement  of  the  pin  in  the 
bi-asses  is  oscillatory  and  not 
rotary;  for  this  reason  the 
brasses  are  not  always  fitted 
with  white  metal.  The  pin 
has  a  tendency  to  wear  oval 
and  is  usually  case-hardened  if 
worked  in  brass  or  gun-metal. 
Crank-shafts.  The  cranks 
for  marine  engines  are  double, 
that  is,  they  consist  of  two  crank- 
arms  as  shown  in  Fig.  27.  The 
crank-shafts  are  made  in  ])arts  and  these  parts  l)olted  together; 
that  is,  for  a  threcM'vlinder  triple  expansion  engine,  the  crank- 
shaft would  1)0  made  in  three  separate  parts,  one  for  each  cylinder. 
Those  three  are  sometimes  made  alike  so  as  to  be  interchangeable. 
•This  neecjssitates  carrying  but  one  spare  length.  The  lengths  are 
fastened  together  by  llango  couplings  as  shown  atFF,  Fig.  27.  To 
insure  the  proper  alignment  one  end  is  filleted  into  the  next 
length  as  shown  at  N.  I'ho  omnk-pin  is  made  of  about  the  same 
diameter  Jis  the  shaft.  Shafts  and  crank-jnns  are  usuallj'^  hollow 
if  they  are  lar^e ;  the  diameter  of  the  hole  l)oing  about  one-half 
that  of  the  shaft  as  shown  by  the  dotted  lines.     The  central  por- 
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tion  of  the  eliaft  is  the  least  effective  in  resisting  twisting  and 
when  it  h  removed  the  shaft  ia  ahiio^t  as  strong  as  when  solid. 
The  saving  in  weight  thus  effected  is  equal  to  about  20  per  cent. 
Bearings.  The  object  of  bearings  is  to  enclose  the  siiaft  or 
jotunals  in  parts  that  are  easily  adjustable  and  renewable.  The 
enclosing  parts  should  be  niade  of  some  material  that  will  not 
injure  the  journal,  will  be  strong  and  tinn  and  that  will  work  mth 
httle  friction.  Brass  or  gun-metal  lined  wth  stripa  of  white  metal 
answers  the  requirements  in  most  cases.  The  white  metal  is 
usually  melted  and  run  into  dove-tailed  recesses  as  shown  in  the 
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various  figures  and  wlien  finished  stands  just  clear  of  the  surface 
of  the  brass. 

The  brasses  are  fitted  into  the  fiiimes  or  bed-plate  as  the 
case  may  be,  the  fntme  Iwing  i-ecesscd  to  receive  them.  In  tlie 
case  of  the  main  bearings,  tlie  foi-ces  act  vertically  and  the  bi-asses 
are  therefore  placed  above  and  below  the  shaft.  In  large  Iwanngs, 
the  bed  for  the  bottom  brass  and  the  bottom  of  tlie  bra-ss  itself  are 
made  cylindrical,  to  facilitiite  the  i-emoval  of  the  hrsisa  while  the 
shaft  remains  in  place.  To  remove  the  lower  brass,  the  shaft  is 
supported  and  tlie  brass  moved  around  toward  the  position  ocuuiiied 
by  the  top  brass.  Brasses  are  held  in  place  and  adjusted  by  Iiolts 
and  nuts.  The  adjustment  is  facilitated  by  the  iiLsertion  of  thin 
strips  of  metal  between  the  brasses  as  with  the  ends  of  connect- 
ing-rods. 

In  order  to  have  good  wi)rking.  the  liearing  surfaces  must  be 
large,  accurately  fitted  sind  adjusted  and  kept  clean  and  well 
lubricated.  Any  dirt  that  finds  its  way  l>etwoen  tht;  jonrnal  and 
the  brasses  soon  causes  wear  and  i>erliaxis  heating.     The  lubricar 
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tiun  also  is  iini)ort»iit.  For  the  main  beatings  there  are  several 
methods  ;  siplinu  hiltricatoi'S  and  various  forms  of  oil  cups  and 
boxes  being  coiimioii.  The  oil  iinds  its  way  to  the  iimer  surfaces 
of  the  biiisst-s  through  oil  holes  and  reaches  the  various  parts  of 
the  l)eai-iiig  by  channels  cut  in  the  faces  of  the  brasses. 

Ci'osBhead  guides  and  the  connecting-rod  bearings  are  supplied 
with  suitable  lubricator  cupa.  Tbe  cr.mk-pin  and  the  brasses  of 
the  large  end  of  tlie  connecting-rod  are  moving  so  fast  and  con- 
tinuously that  they  cannot  be  oiled  as  easily  as  are  tbe  other  beur- 
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ings.  For  this  iviison.  a  centrifugiil  lubricator  Is  sometimes  nsed. 
The  general  idt'a  of  this  device  is  shown  in  Fig.  28.  The  annular 
Ciising  A  shajied  as  shown  is  fastened  to  the  crank-arm  and  com- 
municates with  the  apace  K  by  means  of  tbe  pipe  P,  Fitmi  the 
ap^ioe  E  the  oil  flows  to  the  surfiiec  of  the  cnink-pin  liy  the  small 
lnjles  (i.  Oil  pimrcd  into  the  casing  from  tbe  outside  is  foreed  by 
eentrifugiil  fon-i-  fjnm  the  casing  to  tbe  n-ank-pin  bnisses. 

Thrust  Uearing.  While  the  si'rew  is  revolving,  the  thrust  or 
pressure  tends  lo  force  the  proiicUcr- shaft  forward  or  aft,  acconl- 
ing  to  the  direction  in  wliicb  the  vessel  is  going.  To  resist  this 
tendemiy  several  colbiis  are  forged  on  the  simft,  and  these  collan 
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revolve  ill  a  block  called  a  thrust  bearing.  Thus  we  nay  say  that 
the  office  of  the  thrust  bearing  is  to  receive  and  tnmsniit  to  ihe 
ship  the  thiiist  produced  along  the  shaft  by  the  revolving  of  the 
screw,  Tliis  bearing  is  situated  near  the  forward  end  of  tlie  aciuw- 
shaft,  or  in  oilier  woi-ds.  it  is  just  aft  of  the  engines. 

A  simple  form  of  thrust  block  is  shown  in  Fig.  29,  It  con- 
oists  of  a  cjiit  iron  block  R,  with  a  removable  cap  G.  The  por- 
tion of  the  shaft  that  lies  in  this  block  is  foiled  with  seveitil 
CQllai's  C  on  it.  These  collai^s  fit  Ix'tween  gun-metal  or  brass  rings 
B,  which  are  fitted  in  grooves  or  recesses  turned  in  the  bearing  R 
and  tlie  cap  G.  The  rings  B  are  i>revented  from  turning  by  the 
tongue  jneces  F,  which  are  placed  at  each  side  between  the  cap 
aiid  base.  The  collars  on  the  shaft  press  against  the  nfter  or  for- 
ward faces  of  tlie  collars  B  according  as   the  screw  revolves  for 
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alicad  or  iwtem.  In  both  cases  the  thrust  is  taken  by  the  block. 
The  thi'ust  lieariug  c;iii  be  adjustetl  in  a  fore  and  aft  direction  as 
the  Imlt  Imlos  an'  eloiij;att'd.  Sometimes  the  biise  is  cored  out  so 
tliiit  water  may  ho  circulated  to  prevent  heating  of  the  rings.  An 
arrangement  for  oil  lubrication  is  shown  at  P,  and  water  may  be 
supplied  through  the  holes  A. 

It  is  of  great  importance  that  the  thrust  should  be  distributed 
among  the  rings  and  not  fciken  by  one  or  two  of  them.  In  ciise 
a  few  of  the  rings  tike  tlie  thrust  the  pressure  is  so  great  that  it 
is  difficult  to  obtain  hufficient  lubrication  lo  prevent  heating.  In 
the  thrust  block  shown  in  Fig.  29.  the  thrust  rings  cannot  be 
easily  adjusted,  and  therefore   this  form  is  not  used  very  mncli. 

The  thrust  lilock  shown  in  Fig.  30  represents  the  type  most 
commonly  used  at  the  present  lime.  In  thi«  block  each  thrust 
nng  may  I»e  readily  mijusted  without  moving  any  of  the  others. 
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There  is  only  a  lower  jwirt  or  base  jis  tlie  cap  is  formed  of  adjust- 
rtble  collars,  which  are  in  the  form  of  hoi-se-shoes.  One  of  these 
horse-shoe  rings  is  shown  in  Fig.  31.  These  rings  are  placed 
over  the  shaft  between  the  shaft  collars,  and  are  secured  to  two 
lai-ge  screws  on  each  side  by  means  of  nuts  which  serve  to  adjust 
the  rings  and  hold  them  in  place.     The  horse-shoe  collars  are  lined 


with  white  metal  for  steel  shafts  and  bronze  or  brass  for  wrought 
iron  shafts.  Tliese  hninga  are  usually  fitted  into  recesses  formed 
in  the  thrust  lings. 

The  lower  part  of  the  base  is  cored  out  so  that  water  may 
be  circulated  to  keep  the  bearing  surfaces  cool. 

Each  collar  is  supplied  with  an  oil  box  or  cup  so  that  the 
lubrication  will  be  abundant.     The  oil  should  reach  the  coUara  at 
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the  part  nearest  the  center  (if  tlio  slmft  Iwmnso  ceiiti-ifugiil  force 
tenild  to  throw  it  towni-d  the  outside  edge. 

Ordinary  beariiifp*  ai'e  fitted  at  one  or  both  ends  to  aupjioi-t 
the  shaft  and  prevent  vibnitifni. 

The  thrust  beiiring  is  pcneriilly  phieod  near  the  eiifjino.  Tlic; 
lust  length  of  ahufting  abiift  tlio  crank  shaft  is  freipD'ntly  Ihn 
thrust  shaft.  Titus  if  placed  near  the  engine  it  can  reieivc  iu'c>[ht 
attention  and  he  kept  clean  and  well  litlniciiti'd.  This  bearing  in 
of  considenible  importance,  iM^cause  if  the  rings  heat  they  will 
wear  rapidly,  and  then  the  whole  line  of  sliafting  iniiHt  hv-  Uirowii 
forward  to  take  up  the  wear.  In  additinti  to  tlie  inconvcuience 
caused  by  heating,  cutting  aud  wear,  the  friction  of  a  dirty,  half 
lubricated,   or  poorly   adjusted  (=1 

thrust  healing  greatly  refluces  ^^ "^^ 

the    power    delivered    to     the  /'I    /'"'^'"^^''X     r\ 

Tbe  number  of  collars  de-  H  Vlj/  ''fflfr^^',  !|ijt_l 
pends    apon    the    8izi>    of    the  XI J  ^^>_-^p^  '--.Jf 

shaft,  which  in    turn  de]>cnd8  VJ^^W^I/ 

upon  the  power  of  the  engine,  p^     ^f 

and  tbe  ideiis  of  the  designer. 

If  tlie  collai«  are  many  tlii;y  will  of  course  bo  of  sLiiall  diameter. 
In  this  case  the  thrust  will  piolwibly  W-  liikcii  by  sirvcriil  collars, 
bnt  if  for  any  reason  it  comes  .m  one  or  two,  the  sniiiU  ilianictor 
prevents  their  acting  effeotivi'ly  witliout  lic;din^'.  Tlic  btrge 
collars  are  of  necessity  of  largn  disimclftr  and  ibcrtiforf  cxiicnsivc 
to  foi^,  aud  have  higher  spt;ed  of  rubliing  .surfaces;  hut  (ho  few 
collars  allow  n  better  design  of  block,  anil  one  or  tuo  of  them 
are  better  able  to  take  the  whole  thrust. 

The  number  of  collais  is  dctormini'd  from  Ibc  csiiericncc  of 
the  designer.  To  calcnlat<;  the  diamett- r  of  tlie  cnllurs,  tlic  nunibei 
ie  first  assumed. 

Let  n=  the  numiier  of  cnlbii-s. 

D  =  the  dianiftcr  of  collars. 

d  =  the  diameter  of  tbe  shaft. 

P=  total  biad. 

P  =  pressure  per  square  inch  oi  area. 
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Uinially  the  allowable  Talae  of  p  is  limited   to  about  sixty 
pounds. 

The  following  foimala  expresses  the  total  load  : 


^      .   4  4      J 


Inserting  the  value  iti  p  as  60,  we  haTe 

4    V,  J 

P=47  (in  —  jO 


M. 


/  p 

Henre  I)  =   %     d-  +  t^^ 

Sap[>08e  a  shaft  is  12  inches  in  diameter  and  tliere  are  six 
collans  what  should  lie  the  diameter  of  the  collars  if  the  toUil 
thruftt  in  41,000  pounds? 
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=  y/  144  +  145  =  ^/  289 
=  17  inches,  Ans. 

STARTING   GEAR. 

The  marine  engine  must  be  made  so  that  it  will  run  in  either 
direction  as  required,  and  the  gear  must  he  so  constructed  that  the 
engine  may  be  reversed  quickly  and  with  little  trouble.  In  a 
smiiU  engine  the  valve  and  links  may  be  moved  with  so  little  force 
that  a  hand  lever  is  fitted,  as  shown  in  Fig.  7.  In  a  laige  engine, 
es]:)ecially  if  large  slide  valves  are  used,  considerable  power  is 
necessary  to  move  the  gear.  For  this  reason  it  is  customary  to 
use  a  small  steam  engine  to  assist  in  moving  the  Ihiks  and  valves. 
This  arrangement,  called  the  steam  starting  gear^  has  several  forms 
and  the  details  vary  considerably.  Fig.  32  shows  one  form.  In 
order  that  all  the  links  of  a  multi-expansion  engine  may  be  moved 
at  once,  a  shaft,  called  the  weigh  shaft,  runs  the  length  of  the 
engine  and  is  held  in  bearings  on  the  frames.  To  thb  shaft  (\V 
in  Fig.  32),  all  the  links  are  connected,  so  that  if  the  shaft  is 
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rotated  all  the  links  move  together.  To  this  uhatt  are  keyed  foi 
each  engine  two  rocker  arms,  M  and  N ;  at  the  end  of  N  is  con- 
nected one  end  of  the  reacli  rod  X,  which  is  connected  nt  the  other 
end  to  the  centre  (ir  to  the  ahead  end  of  tlie  link.     The  end  V  of 


the  arm  M  is  jointed  to  the  end  ol  the  connecting-i-od  of  the  sm;dl 
steam  engine  It.  The  i-od  O  connects  the  arm  M  and  the  valve  of 
the  small  engine.  It  will  Ijc  sven  from  the  sketch  that  if  M  is 
moved  downward,  N  will  move  to  the  light,  and  as  K  moves  to 
the  right  the  reach  rod  and  link  will  also  move  in  that  direction. 
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The  action  of  the  ge^tr  i»  ns  follows  ;  When  the  handle  b 
moved  from  A  (the  mul-position)  to  B,  the  point  C  moves  to  the 
left,  c  iTyiiif^  with  it  the  ro<l  C  E.  This  movement  laises  tlie  ro<l 
IT  wliich  is  connected  to  the  lever  fiilcnimed  at  T.  Whi'ii  the 
r(Kl  I  [  moves  upward  the  rod  O  moves  downwani,  which  ciiuaes 
the  arm  M  to  mo\e  downward,  thus  uiovlng  N  to  tlie  right.  As 
has  l>een  stjitpd,  the  moving  of  N  moves  the  reach  rod  and  the 
link.  As  all  the  links  have  similar  i-each  rods  and  rock  arms  they 
also  move.  When  the  Iiandle  A  is  moved,  the  reach  rod  moves 
als'),  hut  ii-i  the  power  applied  at  A  is  not  sufficient  to  move  the 
gear  mpidly  or  to  any  great  extent,  it  is  arranged  so   tliat  wlieii 


the  link  O  moves,  the  valve  P  also  moves  ani  admits  ste;nn  to  the 
cylinder  It ;  the  pistfui  in  U  moves  its  piston-rod,  connecting-ioil 
iind  the  arm  M.  Tims  it  !■)  readily  seen  that  movement  of  the 
handle  A  moves  the  link  sliglitly  and  at  the  same  time  at;irts  the 
engine  that  aids  in  tlie  movement  of  all  the  links. 

From  the  study  of  "  Valve  Gears  "  we  know  that  linking  up 
shortens  the  travel  of  the  valve  and  causes  earlier  cut-off.     In 
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compound  and  triple  expansion  engines  the  links  for  all  the 
cylindei"s  move  the  same  amount,  so  that  cut-off  is  altered  the 
same  amount  in  all  the  cylinders.  When  working  at  reduced 
powei-s  it  is  often  desirable  to  change  the  cut-off  in  one  cylinder 
without  changing  it  in  others,  or  it  is  often  necessary  to  make  a 
gfrefiter  change  in  some  cylinders  than  in  others.  Expansion  valves 
are  undesirable  for  several  reasons,  and  to  accomplish  the  change 
in  expansion  the  end  of  the  revei*sing  arm  N  is  made  with  a  slot 
and  block  as  shown  at  I  Fig.  32  and  enlarged  in  Fig.  33.  The 
reach  rod  is  attached  to  the  block  H  which  can  be  moved  and  ad- 
justed in  the  slot  A  by  the  screw  C.  Thus  if  the  block  B  is 
moved,  the  position  of  the  link  is  altered  slightly  which  causes  a 
slight  change  in  the  cut-off.  In  Fig.  33,  the  arm  H  is  shown  in 
the  {ihead  position.  From  the  position  of  the  slot  it  is  seen  that 
this  movement  can  be  effected  when  in  this  position.  The  dotted 
lines  show  the  arm  and  slot  when  in  the  astern  position.  If  the 
link  is  in  the  astern  position  the  movement  of  the  block  is  verti- 
cal and  the  position  of  cut-off  is  not  altered  as  there  is  no  lateral 
movement.  Thus  if  the  link  is  in  the  ahead  position  and  arranged 
for  early  cut>-off  and  is  suddenly  shifted  into  astern  position  the 
links  will  be  in  full  or  nearly  full  gear. 

In  Fig.  33,  the  lines  F  R  and  E  J  show  the  approximate  posi- 
tions of  the  center  of  the  reach  rod.  The  angle  -IZU  depends 
ujiM^n  the  amount  of  movement  of  the  links,  and  is  usually  a  little 
less  than  a  right  angle. 

It  is  customary  to  fit  a  hand-rev(M*sing  gear  so  that  in  case 
of  accident  to  the  steam  stu^ini'  enjjine,  the  main  enLrines  can  be 
reversed  by  hand.  TliLs  gear  consists  of  a  hand-wheel  on  a  worm 
shaft.  The  worm  turns  a  worm  wheel  which  rotates  the  arms  on 
the  weigh  shaft.  Provision  is  made  for  throwing  the  worm  in  and 
out  of  gear. 

CONDENSERS. 

The  general  description  and  method  of  using  condensei*s  has 
already  l)een  given  in  previous  discussions.  In  maiinc  work 
the  surface  condensers  is  used  almost  exclusively,  because 
with  this  type  the  injection  water  (sea-water)  does  not  mingle 
with  the  condensed  steam.     If  the  jet  condenser  were  used,  the 


127 


M 


JIAKIXE    EXGIXES. 


s^t  water  would  ijoctn  depo&it  90  nmcL  salt  on  the  Leatiiig  surfaces 
that  the  boilers  c^*nld  mtl  carnr  liigh  pressure.  Also  there  would 
be  a  loss  in  efficiencv. 

The  eoudeiLser  h  advantageous  for  two  reasons ;  it  increases 
the  power  of  tlie  engine  by  reducing  the  hack  ]*ressure^  and  it 
allows  tJie  feed  water  to  W  us^rd  over  and  ovei  again. 

The  surface  condenser  is,  ImeflT,  a  large  closed  vessel  in 
which  in  a  great  numljer  of  small  tubes.  The  general  arrange- 
ment is  shown  bi  Fig.  34.     The  exhaust  steam  from  the  low  pres- 
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Fig.  :^4. 


sure  cylinder  eiitei-s  the  condenser  C  Jind  is  condensed  by  the  cold 
water  l)ecause  the  latent  heat  is  absorbed  bv  ilie  water.  In  the 
surface  condenser  tlie  cold  water  may  surround  the  tubes  through 
wliich  the  steam  flows,  or  it  may  circulate  through  the  tubes  and 
the  steam  suiTound  them.  The  latter  anangement  is  the  more 
common.  Sea- water  enters  the  vessel  through  the  pipe  K  and 
flows  to  the  cireiilaiino: -pump  R,  which  forces  tlie  water  into  the 
condenser  througli  the  pipc^  L.  After  flowing  through  the  tubes 
it  leaves  the  condenser  by  means  of  the  exit  M  and  flows  over- 
board. Kxhaust  steam  enters  at  S,  and  is  condensed  by  coming  in 
contact  with   the  cold  tubes ;  the  water  (condensed  steam)  then 
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tails  to  the  bottom  of  the  condenser  and  flows  to  tlie  air-pump  B  by 
Uie  pipe  E.  The  nir-pump  removes  tlie  air,  vapor  and  condensed 
steam  from  the  condenser  and  forces  it  Uirough  the  pipe  N  into 
the  liot  well,  fi-om  which  it  goes  to  the  boilers  or  to  the  feed  tank. 
The  circulating  water  may  be  drawn  from  the  bilges  through  the 
pipe  H. 

The  clrculating*pump  is  usually  of  the  centrifngtil  type  cod< 
minting  of  a  fan  or  wheel  wlii(;li  ii  ma<ie  up  of  a  central  web  or 
hub  and  arms  or  vanes,  as  shown  in  Fig.  35.  The  vanes  are 
curved  and  as  tlie  water  is  drawn  in  at  the  central  part  the  vanes 
throw  it  off  at  the  circumference.  A  suitable  casing  directs  the 
flow.     This  type  of  pump  is  advantageous  because  there  ai-e  no 
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valves  to  get  out  of  iii-d(!r.  and  as  tlie  lift  is  little,  it  any,  the 
pump  will  dischai^e  a  large  volume  of  water  in  a  nearly  constant 
.>*treani.  The  circulating-pump  is  usually  placed  below  ihe  water 
line  so  that  the  water  flows  to  it.  The  pump  is  driven  by  an 
independent  engine  so  that  the  circulating  water  may  cool  the 
ix>ndL-n.scr  even  if  the  uiain  engine  is  not  working. 

The  centrifugal  pump  works  more  smoothly  and  with  less 
trouble  than  an  ordinary  force  purn|>  because  it  is  noti-ecipi-oeating 
and  it  has  no  valves.  'J'he  circulating-pump  is  also  piped  so  that 
it  will  pump  from  the  engine  i-oorii  bilges  if  necessjiry  without  the 
water  pa-ssing  tlii-ough  the  condenser.  Sometime^i  two  ciri'ulating- 
puui{is  are  filteil  to  each  condenser,  each  pump  being  of  sufficient 
ca[uicity  to  supply  the  con<lense]'.     This  ai-rangement  provides  for 
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8  large  bilge  pumping  power  and  also  duplicates  the  circulating 
arrangements. 

A  suction  pipe  from  the  bilge  is  connected  to  each  pump,  and 
the  valves  ai-e  arranged  so  that  the  pump  may  be  cut  ofiE  from  the 
sea  and  connected  to  the  bilge  or  vice  vena. 

When  the  steam  is  condensed  the  water  falla  to  the  bottom 
of  the  condenser  and  is  drawn  out  by  the  air-pump.  Tliis  pump 
is  usually  worked  from  tlie  crosahead  of  the  low-pressure  cyliitder. 
With  this  arrangement  the  air-pump  cannot  work  while  the  main 
engine  is  not  running,  so  that  the  condenser  is  full  of  air  when 
the  vessel   is  not  in   motion.     It   is  often   desirable   to   have   a 


vacuum  in  the  condenser  before  the  engines  start  .so  that  it  mil 
assist  in  starting.  For  this  reason  a  condenser  is  sometimes  used 
like  that  sliown  in  Fig.  36.  This  condenser  is  of  the  surface  type, 
the  chief  difference  being  in  the  pnmps.  The  air-pump  i:i  inde- 
pendent of  the  main  engine.  The  steam  piston,  the  air-pump 
piston,  and  the  circulating-pump  piston  are  all  on  one  rod.  Thus 
the  [lumps  may  Ix;  started  and  a  vacuum  formed  before  the  main 
engines  mt  stjirted. 

A  vacuum  may  Ije  fomied  by  admitting  live  steam  to  the 
condenser  and  then  forL-ing  in  the  circulating  water.  The  live 
stciini  drives  the  air  out  of  the  snifting  valve  when  the  pressure 
in    the  condenser   exceeds  atmospheric   preiisure.     TIi«   snifting 
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valve  is  a  small  check  valve  attached  to  a  condenser;  the 
pressure  of  the  atmosphere  keeps  it  closed.  When  live  steam 
is  admitted  to  the  condenser,  the  pressure  will  l)econie  greater  than 
atmospheric  pressure  and  the  air  is  driven  out  of  the  snifting 
valve.  When  the  circulating  water  condenses  the  steam  the  pres- 
sure within  the  condenser  decreiises,  because  water  occupies  much 
less  volume  than  the  same  weight  of  steam  and  the  valve  closes. 
In  case  there  is  no  snifting  valve,  the  drain  cock  may  be  used  in 
its  place,  but  it  is  not  automatic. 

On  account  of  the  oil  in  the  exhaust  steam,  the  condenser 
tubes  become  covered  with  a  coating  of  grease  and  have  to  be 
boiled  out.  To  do  this  the  condenser  is  nearly  filled  with  a  solu- 
tion of  hot  water  and  caustic  soda  ;  live  steam  is  then  taken  from 
an  auxiliary  or  donkey  boiler. 

In  order  to  have  the  vacuum  maintained  the  air  must  be  ex- 
hausted from  the  condenser  continuously.  This  is  done  by  the 
air-pump  which  Avithdraws  the  condensed  steam,  any  air  that  may 
leak  in  and  any  vapors  that  may  rise  from  the  water. 

The  air  or  vacuum  pump  is  made  in  a  variety  of  construe- 
tions,  a  common  form  being  shown  in  Fig.  37.  It  consists  of  a 
cylindrical  cast-iron  casiiig  or  barrel  B.  Sometimes  a  bniss  barrel 
or  liner  is  fitted  within  the  iion  casinu^.  The  pump  is  bolted  to 
the  condenser  in  such  a  manner  tliat  the  condensed  steam  will  flow 
into  the  pump  at  E.  The  bucket  or  piston  P  fits  the  barrel  closely 
and  moves  up  and  down  within  it.  At  the  bottom  of  the  pump 
several  foot  valvea  V  are  fitted.  Similar  valves  A,  called  delivery/ 
valvi'Sy  are  fitted  to  the  top  of  the  pump.  In  tlie  pump  shown 
there  are  four  bucket  and  four  delivery  valves.  Also  there  ai^e 
four  similar  valves  H,  in  tlie  piston. 

The  valves  C  are  usually  made  of  liard  rubber.  They  are 
circular  flat  plates  which  seat  on  Hat  brass  scats  perforated  tr) 
allow  water  and  air  to  pa.ss.  The  valves  are  placed  on  studs  on 
which  are  guards  rr,  which  limit  tlie  rise  of  the  valves. 

Sometimes  a  light  bnuss  s[)ring  is  placed  between  the  guard 
and  the  valve  to  help  return  the  valve  to  the  seat.  It  is  seldom 
that  these  springs  are  placed  on  th(^  foot  valves  hut  they  are  fre- 
quently found  in  the  bucket  and  delivery  valves.  As  tlui  spring 
tends  to  keep  the  valve  to  its  seat,  more  force  is  required  to  open 
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the  valve  when  a  spring  is  used.  Hence,  if  springs  are  fitted  to 
the  foot  valves  they  may  cause  an  imperfect  vacuum  since  the 
force  which  opens  them  is  the  hydrostatic  head  and  the  air  pres- 
sure in  the  condenser. 

The  action  of  the  pump  is  as  follows :  When  the  piston 
descends,  as  sliowii  by  the  ari-ow,  the  foot  and  delivery  valves 
close  and  the  bucket  valves  open.     The  water  and  air  above  the 

foot  valves  enter  the  space 
above  the  piston.  When 
the  piston  rises,  the  bucket 
valves  close  because  of  the 
pressure  of  water  on  them. 
The  water  is  therefore  car- 
ried up  by  the  piston  and 
forced  through  the  delivery 
valves.  While  the  piston 
is  rising  a  vacuum  or  par- 
tial vacuum  is  formed  below 
the  piston,  and  the  pressure 
of  water  and  air  in  E  causes 
the  foot  valves  to  open  and 
the  water  and  air  rushes 
through  to  fill  the  space 
under  the  piston.  When 
the  piston  hfis  reached  the 
top  of  the  pump  the  space 
below  it  is  tilled  with  water 
^^'  '^^'  and  air,  and  the  water  and 

air  above  it  are  being  discharged  to  the  hot  well  through  N. 
When  the  piston  commences  the  down  stroke  the  delivery  valves 
close  and  prevent  tlie  air  and  water  from  returning  to  the  air- 
pum[),  the  bucket  valves  open  to  admit  a  new  supply  to  the  top 
of  the  piston  and  the  foot  valves  close. 

Foot  valves  are  not  absolutely  necessary,  in  fact  they  are 
sometin^es  omitted  but  their  use  increases  the  reliability  of  the 
pump. 

A  small  check  valve  or  pet  cock  is  generally  fitted  to  the 
pump   below  the  delivery  valves.     It  is  used  for  admitting  air 
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above  the  piston  to  prevent  slamming  of  the  pnmp.  If  there  is  no 
ail-  cushion,  the  shock  of  the  water  on  the  up  stroke  is  I'kely  to 
cause  slamming.  When  slamming  oiicum  it  may  be  stopped  by 
admitting  more  air.  This  air  does  not  effect  the  vacuum  tMuause 
it  docs  nut  flow  through  the  bucket  valves.  In  Fig.  37  all  tho 
valvea  are  shown  down  on  their  seatJ*. 

The  vai:uum  that  can  he  obtained  depends  upon  the  lightness 
of  the  valves,  and  the  thoroughness  Hitli  whith  the  jjiesiuie  is 
removed  from  above  the  foot  Viilves  by  the  aii-pump  This  in 
turn  depends  ujx)!!  the  neiirness  of  the  bucket  to  the  foot  and 
delivery  valves  at  the  ends  of  the  stroke  and  the  fit  of  the  piston. 


Details.  The  condense)-  is  usually  formed  of  a  Urge  numbei 
of  solid  drawn  Imiss  tubes  '^  m-  ^  inch  m  diametei  and  alKiut  ^j^ 
inch  thick.  Tlie  reason  why  they  can  he  ni  id(  so  thin  is  because 
there  is  no  pi-essui*  on  them  other  ih.in  atmospheiic  pressure. 
These  tuWs  are  arnmged  zig-zag  or  st-iggeied,  between  two  end 
phites  which  may  be  circular,  oval  or  rectangular.  The  entire 
(■o;:denser  is  often  made  of  brass  to  prevent  waste  by  galvanic 
action.  The  tnl^s  mu.st  be  tilted  water-tight  in  the  tube  plates 
and  at  the  same  time  free  to  lengthen  and  shorten  uiidi'r  changes 
of  temperature.  For  this  reason  they  cannot  be  expanded  in 
place  like  Iwiler  tubes.  They  aie  fitted  with  a  stuffing  liox  at 
each  end  as  .shown  in  FigR.  38  and  SO.  The  hole  in  tlie  plate  is 
slightly  larger  than  the  tu1)e.  The  large  part  of  the  hole  is  pi-o- 
vided  with  tluvails  to  receive  a  small  gland  or  ferrule  wliich  com- 
presses a  ring  of  jiackiiig  or  a  washer  of  fibre.  It  is  of  great 
importance   that   the   condenser    tubes    should    be    tight    for  if 
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leakage  occdrs,  salt  water  will  enter  the  feed  water  and  coat  the 
tubes  of  the  boiler  with  salt. 

It  sometimes  happens  that  the  circulating-pump  breaks  down 
and  the  condenser  cannot  be  run  as  a  surface  condenser.  When 
tliis  liappens  a  pipe  may  be  rigged  so  that  the  exhaust  will  go  out 
of  the  engine  room  to  the  deck.  The  engines  will  then  run  non- 
condensing  and  will  of  coui-se  develop  less  power  on  account  of 
the  greater  biick  pressure.  Another  method  is  to  run  jet  condens- 
ing. This  may  be  done  by  having  the  condenser  piped  so  that 
the  sea  water  will  enter  the  top  of  the  condenser  and  mingle  with 
the  exhaust  steam  by  means  of  a  perforated  spray  pipe  within  the 
condenser. 

As  the  amount  of  water  used  for  circulating  water  is  greatly 

in  excess  of  the  amount  used  in 
the  boilei*s,  the  air-pump  removes 
a  mucli  larger  quantity  of  water 
than  can  be  used  by  the  boilers. 
A  j)art  of  the  water  from  tlie 
condenser  if  running  jet  condens- 
ing goes  to  the  hot  well  and  is 
taken  by  the  feed  pumps,  the 
Fij^.  :Ji>.  remainder  goes  overlx)ard. 

In  running  j(;t  condensing,  the  water  that  is  fed  to  the 
boilers  contains  considerable  salt  since  the  injection  water  is  sea- 
water  and  the  exhanst  steam  mingles  with  it  and  goes  to  the  air- 
pump.  For  this  reason,  jet  condensing  is  used  only  in  Ciuse  of 
emergency.  For  lake  and  river  steamers,  however,  the  jet  con- 
denser is  frequently  used,  especially  for  low  pressure,  because  it 
is  cheapei  and  requires  less  injection  water. 

In  ciuse  no  arrangements  ai*e  made  for  running  the  surface 
condenser  as  a  jet  condenser,  a  few  tubes  removed  from  the  sur- 
face condenser  will  allow  the  injection  water  to  mingle  with  the 
exhaust  steam.  Enough  tubes  should  be  removed  to  equal  the 
area  of  the  main  injection  pipe.  In  the  surface  condenser  the 
space  in  which  the  condensation  takes  place  is  not  in  communica- 
tion with  the  atmosphere.  Rut  the  space  occupied  by  the  injec- 
tion water  communirates  witli  the  atmosphere  by  the  dischai-ge 
pipe  if  the  discharge  is  above  the  water  line.     Hence  when  the 
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surfiice  condenser  is  changed  to  a  jet,  the  valve  in  the  delivery 
pipe  must  be  closed  to  prevent  the  air  from  entering  the  conden- 
ser and  thus  destroying  the  vacuum. 

The  vacuum  in  tlie  condenser  is  measured  by  a  vacuum  gage 
which  is  similar  to  a  pressure  gtigo.  The  pressure  gage  measures 
pressure  in  pounds  per  square  incli  but  the  vacuum  gage  is  grad- 
uated to  correspond  to  the  barometric  column ;  that  is,  in  inches 
of  mercury.  A  perfect  vacuum  represents  about  80  inches  of 
mercuiy  and  if  there  is  atmospheric  pressure  in  the  condenser  the 
pointer  would  stand  at  zero. 

Since  the  pressuie  of  the  atmosphere  is  about  15  pounds  per 
square  inch  and  the  mercury  cohimn  is  30  inches  high  for  atmos- 
plieric  pressure,  an  inch  of  vacuum  represents  about  ^^  =z  ^-  pound 
pressure.  Thus  10  inches  of  vacuum  means  that  tliere  is  a 
vacuum  corres[)onding  to  10  X  .]  ^=  ^  pounds  pressure.  Or  the 
10  inches  of  vacuum  means  that  5  pounds  of  pressure  have  been 
removed  from  the  condenser  and  15 — 5  =.  10  pounds  piessuro 
remains. 

Suppose  the  needle  stands  at  26.  Then  the  pressure  that 
hiis  been  removed  equals  2G  inches  of  mercury  which  equals  13 
pounds.  If  13  pounds  have  been  removed  tlie  actual  pressure  in 
the  condenser  is  15  — 18  =  2  pounds.  Another  way  would  be 
to  subtract  20  from  8C  and  divide  by  2.  Tlias,  80  — 26  =  4  and 
4  divided  by  2  equals  2. 

In  case  great  accuracy  is  required,  one  inch  of  vacuum  is 
taken  to  be  .49  pound  instead  of  .5  or  .]  pound.  Thus,  22  inches 
of  mercury  indicates  a  pressure  in  the  condenser  of  8.92  pounds, 
for  22  X  .49  =  10.78  and  (atmospheric  pressure)  14.7  — 10.78 
=  3.92  ;  or  30  — 22  =  8  and  8  X  .49  nz  8.02. 

Amount  of  vacuum.  In  the  study  of  the  properties  of 
steam,  it  wjis  shown  that  there  was  a  deiinite  relation  between  the 
j)ressure  and  temperature  of  saturated  steam.  Thus  if  the  pres- 
sure in  the  condenser  is  known,  the  temperature  of  the  condensed 
st^am  call  l)e  readily  found  by  referring  to  steam  tables.  This 
temperature  decreases  as  tlie  pressure  decreases.  Thus  if  an 
almost  perfect  vacuum  is  carried,  there  will  be  very  slight  pres- 
sure in  the  condenser  and  the  temperature  of  the  water  removed 
will  be  low  because  the  temperature  given  in  the  steam  Uibles  is 
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the  maximnm  tempeiiiture  obtainable.  On  accoant  of  the  heat 
lost  by  radiation  and  the  difficulty  of  regulating  exactly  the 
amount  of  injection  water,  the  temperature  is  a  little  lower  thsm 
that  given  in  the  steam  tables. 

Suppose  the  [)ointer  stands  at  26.  The  pressure  in  the  con- 
denser is  30  —  26  =  4  and  4  X  -o  =.  2  pounds.  The  tempera- 
ture is  then  about  126  degrees.  If  less  water  is  circulated,  and 
the  f)ointer  stands  at  20  inches  the  pi*essure  is  30  —  20  =  10  and 
10  X  -'^  ==■  5  pounds ;  the  corresponding  tempemture  is  then 
about  162  degrees.  Thus  a  difference  of  6  inches  in  the  vacuum 
makes  a  diflference  of  36  degrees.  Then  this  question  arises: 
Shall  we  carry  a  good  vacuum  and  thus  increase  the  power  of  the 
engine  and  feed  water  to  the  boilei-s  at  (theoreticjilly)  al>out  126 
degrees  or  shall  we  have  a  little  greater  l)ack  pressure  (5  pounds) 
and  feed  water  36  degrees  Avarmer?  This  question  must  be 
answered  by  the  engineer  in  charge  and  as  to  which  is  the  more 
economical  can  often  be  determined  only  by  a  test. 

With  tlie  surface  condensei-s,  the  vacuum  usually  carried  is  from 
22  to  26  inches  and  with  jet  eon  dense  i-s  20  to  24  inches  is  common. 

If  the  tempeniture  of  the  hot  well  is  to  ]>e  high,  a  low  vacuum 
must  be  carried  in  the  condenser.  To  lower  the  vacuum  decrease 
the  amount  of  circulating  water. 

Imperfect  vacuum.  If  the  pointer  of  the  v<^cnuni  gage 
stands  less  than  30  it  means  that  the  vacuum  is  not  [)erfect  or  it 
is  *'  low  "  as  it  is  turned.  We  have  already  considered  the  results 
of  a  low  vacuum.  It  may  be  caused  by  too  little  condensing 
water,  air-pump  out  of  ordt3r  or  the  piston  not  coming  close  to 
the  foot  and  delivery  valves  or  Ijy  air  leaks. 

If  tlie  vacuum  is  low,  and  an  increase  in  the  amount  of  cir- 
culating water  fails  to  increase  it,  but  lowers  the  tempemture  of 
the  hot  well,  it  indicates  tliat  the  exhaust  is  cooled  to  a  low  tem- 
perature and  consequent  low  pressure.  This  state  of  affaii*s  indi- 
cates an  air  leak  al)Out  the  engine  or  condenser.  If  a  lighted 
candle  is  passed  around  the  joints,  the  flame  will  l)e  drawn  toward 
the  leak  since  the  j)ressure  outsid  i  is  greater  than  the  pressure 
inside,  and  the  inrush  of  air  wouUl  cause  the  flame  to  \ye  dra\vn 
along  with  the  current.  A  little  red-lead  putty  applied  to  the 
crack  will  usually  stop  the  leak. 
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If  the  fault  is  not  in  the  condenser  or  in  the  amount  of  circu- 
lating water,  probably  the  air-pump  is  out  of  order.  A  broken  or 
hung-up  valve  often  causes  an  imperfect  vacuum. 

The  Keel  Condenser.  Steam  launches  for  fresh  water  fre- 
quently have  no  condenser  but  use  high-pressure  steam  and  di-aw 
the  feed  water  from  the  lake  or  river.  For  salt  water,  however, 
it  is  desirable  to  use  the  feed  water  over  and  over  again  on  account 
of  the  boilers.  In  naany  launclies,  an  ordinary  surface  condenser 
would  take  up  considerable  room  and  l)e  an  extra  weight. 

For  such  cases  a  brass  or  copper  tube,  or  several  tubes,  are 
placed  outside  of  the  hull  along  the  keel.  The  exliaust  from  the 
engine  entei-s  at  one  end,  is  condensed  by  the  cold  water,  and 
dmwn  out  of  the  other  end  by  the  air-pump.  This  is  a  very  sim- 
ple armngement  since  no  circulating  arrangem(Mits  are  needed. 
The  passing  of  the  hull  through  the  water  takes  the  place  of  the 
circulating-pumps. 

Feed  Tanks.  The  air-pump  of  the  condenser  discharges  into 
a  feed  tank  which  holds  the  feed  water  that  is  not  immediately 
needed  for  the  lx)ilei*s.  Tliis  tank  is  usually  made  large  enough 
to  contain  all  the  discharge  from  the  air-pump  for  four  or  live 
minutes  when  running  at  full  power.  From  this  tank  the  water 
is  pumped  into  the  boilers  as  needed.  In  some  ships  the  air-pump 
(liscliarges  into  the  hot  well,  and  is  tlien  either  pumped  directly 
to  the  l>oilers  or  is  carried  to  a  feed  tank.  A  feed  tank  is  usually 
fitted  to  each  engine  room. 

The  tank  is  provided  with  two  overflow  pipes  ;  one  leading 
to  the  reserve  tank,  and  the  other  to  the  bilges.  In  case  oily 
matter  collects  on  the  surface  of  the  water  in  the  feed  tank,  it  can 
l)e  discharged  into  the  bilges  by  the  overflow.  The  feed  tank 
should  have  an  arrangement  for  the  escape  of  air,  and  should  Ixi 
provided  with  fittings  to  prevent  grease  from  entering  the  reserve 
Umks  or  the  feed  pumps. 

It  is  very  important  that  feed  water  should  contain  as  little 
grease  as  [)Ossible.  For  this  reason  some  vessels  are  fitted  with  a 
tank,  pump  and  grease  iilter  between  the  air-pump  and  feed  tank. 
It  is  a  good  plan  to  filter  the  water  before  it  entei*s  the  feed  [>uinps 
mther  than  to  filter  it  while  going  from  the  feed  pumps  to  the 
boilei's.     If  a  grease  filter  were  placed  between  the  air-pump  ai»d 
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feed  tank  it  would  bring  a  great  strain  on  the  air  pump.  To  pre- 
vent this  the  air-pump  is  made  to  discharge  into  the  hot  well  from 
which  the  water  is  drawn  by  a  pumj)  culled  the  hot  well  pump. 
This  pump  tiikes  water  from  the  hot  well  and  forces  it  througli 
the  filter  to  the  feed  tJiuk.  A  by-pass  oi-  escape  valve  is  fitted  so 
that  when  the  filter  becomes  clogged  or  the  hot  well  pump  gives 
out  the  water  will  flow  directly  to  the  feed  tank. 

The  reserve  tanks  are  tanks  placed  in  ttte  double  bottoms 
under  the  engine  or  boiler  rooms  for  carrying  a  reserve  supply  of 
fresli  water.  They  are  fitted  with  valves  and  pipes,  so  that  they 
can  i-eceive  water  from  the  feed  tiinks  and  from  the  boilers.  Also, 
so  that  water  can  be  drawn  from  them  as  required.  On  ships 
having  evaporators  and  distillers,  the  reserve  tanks  need  not  be  as 
large  because  it  is  not  necessary  to  cany  as  large  a  quantity  of 
fresh  water. 

Feed -Pumps.  The  feed  water  is  taken  from  the  bottom  of 
the  feed  tanks  or  from  the  hot  wells  and  pumped  into  the  boilers. 
The  pumps  for  tliis  work  are  almost  always  of  the  independent, 
direct-acting  type.  Tliey  usually  take  steam  from  the  main  steam 
pipe  and  the  auxiliary  pumps  from  the  auxiliary  steam  pipes.  It 
is  a  good  plan  to  place  the  main  pumps  in  the  engine  rooms  and 
the  auxiliary  pumps  in  the  boiler  rooms.  The  main  pumps  are 
piped  to  the  feed  tanks  or  hot  wells,  and  can  pump  to  all  of  the 
boilers.  The  auxiliary  pumps  draw  from  the  feed  tiinks  and  from 
the  auxiliary  condensers,  and  are  also  piped  to  pump  from  the 
reserve  tanks  aiid  f lom  the  sea. 

Arrang^ements  for  Reducing:  Waste.  In  order  to  make  the 
amount  of  make-up  water  as  small  as  possible,  there  are  fitted 
several  devices  for  reducing  waste. 

Formerly  all  of  the  auxiliary  engines,  such  as  those  for  steer- 
ing, circulating-[>umps,  hoisting,  electric-lighting,  etc.,  exhausted 
into  the  atmosphere.  To  prevent  this  waste,  they  are  made  to 
exhaust  into  auxiliary  condensers  which  are  like  the  main  con* 
densers  in  construction,  arrangement  and  fittings.  The  air-pumps 
for  tliese  condensers,  called  the  auxiliary  air-pumps,  discharge 
into  the  feed  tanks. 

lu  case  the  engines  are  eased  or  stopped,  the  safety  valves  are 
likely  to  blow  ofi  until  the  fires  and  draft  can  be  regulated.     The 
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steam  that  escapes  is  usually  led  to  the  main  condensers  and  there 
condensed.  Since  the  air-pump  (if  it  is  not  independent)  stops 
when  the  main  engines  sto[),  provision  is  made  hy  means  of  a  suc- 
tion pipe,  for  keeping  the  vacuum  in  the  main  condenser  by  run- 
ning the  auxiliary  air-pump  which  is  independent. 

At  the  present  time,  with  surface  condensers,  evaporators, 
etc.,  the  boilers  need  be  blown  out  only  at  long  intervals.  After 
the  boilera  have  been  at  work  for  a  considerable  length  of  lime, 
the  surface  of  the  water  becomes  dirty  and  the  surface  blow  must 
be  used,  but  this  does  not  happen  frequently,  and  as  the  boilers 
are  blown  out  but  seldom,  the  loss  from  this  cause  is  slight. 

The  drains  from  the  main  engines  are  usually  connected  to 
the  main  or  auxiliary  condensei-s,  or  with  a  drain  jnpe  leading  to 
a  drain  tank,  thus  greatly  decreasing  the  waste  from  this  cause. 
In  case  the  drainage  water  from  the  auxiliary  cylindei-s  is  very 
greasy,  it  must  be  filtered  or  discharged  overboard. 

Formerly  it  was  the  custom  to  fit  small  hot  wells ;  this  caused 
frequent  discharges  to  the  bilge  or  overboard.  To  reduce  loss, 
the  hot  wells  are  either  made  larger  or  feed  tanks  are  used  having 
overflows  to  the  reserve  tanks. 

In  spite  of  all  the  precautions  taken  to  reduce  the  waste  of 
fresh  water,  considerable  make-up  water  must  be  provided.  This 
is  usually  from  three  to  eight  per  cent,  of  the  total  water  used, 
depending  upon  the  condition  of  the  machinery,  etc.  This  make-up 
water  may  be  taken  from  the  sea  or  from  evaporatoi-s.  For  ves 
sels  making  short  trips,  fresh  water  may  Ije  carried  and  evapora- 
tors dispensed  with.  Distilling  arrangementa  were  discussed  in 
**  Marine  Boilers." 

Thus  far  we  have  considered  the  working  fluid  (water  and 
steam)  in  the  various  parts  of  the  machinery.  Now  let  us  trace 
its  course  in  the  boilers  and  engines  by  means  of  a  brief  summary. 


Boilers  to 
Engines. 


Steam  space,  internal  steam  pipe,  stop  valve  to  main  steam 
■^  pipe.     Then  through  bulkhead  stop  valves  (if  lilted)  to  regu- 
lating valve,  to  steam  chest  of  liigh-i)ressurc  cylinder. 


Through 


From  steam  chest  of  liigli-pressure  cylinder  through  the 
ports  to  the  cylinder.     After  doing  work,  through  the  ex- 
p  ,."    ,*        **  haust  ports  to  the  first  receiver,  and  then  to  steam  chest  of 
the  intermediate  cylinder. 
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f    Kna  t&«  fCfan  •s&it«c  tiz«MKc^  tke  povts  to  the  cylinder. 

After  <x9a3f£ac  ^kiMixk  tW  poAKaecs  and  exhaust  caTitv  to 

^..^^         i&«  MieiiOfi  m^cTier.  aasi  then  S4>  the  steam  chest  of  the  low- 


CjLsiAer:. 


•w" 


Fr:<s  loie  ^Cicazk  chcsK.  thrMxch  the  ports  to  the  low-pressure 
L.  p.         <  ^l:=«i-f7.    A±:^r  t&e  expoBKOA  is  completed,  through  the 
CjiiE.-'ier.        *xa.k.:L4C  ps]BS&&^«»  z*y  the  exhasist  pipe,  to  the  coudenser. 


Tb.^  't^'sLA.-LsZ  «c«aiB  eaters  ;he  ondenser,  is  condensed,  falls 

C*>a4e:i**cr       -,,  -j^^  >:4r:,.-?3i  .>f  c«>edecjer.    Through  foot,  bucket  and  deliv- 

P^^  j^^^^     *r?-  taIt^*  vtf  :he  air  pump  to  the  discharge  pipe,  to  hot  well 

:-r  itt^i  :ac^:s. 

Feed  Tank  Fr»:-si  ihe  fee*l  cank  to  the  feed  pump  suction  pipe,  through 

t«.»  -^  the  *'i':ti».»a  as.*!  deliTenr  Talres^.  to  the  feed  pipe.    Through 

B^jtler.  fr^i  valTc  to  iaiemai  feed  pipe- 

The  waicn  entering  bv  nir-ans  of  the  internal  feed  pipe,  is 
eTa{ior.iteil  in  the  U>ilt-r.  rlsets  to  the  steam  space  and  commences 
the  circuit  again. 

AUXILLARY  MACHINERY. 

In  modem  steam  vessels,  especially  if  thev  are  large  or  in  war- 
vessels,  the  auxiliary  machinery  is  of  great  importance.  Some 
vessels  have  more  than  100  different  auxiliary  engines,  some 
steam,  others  hydraulic  and  some  run  by  compressed  air  and 
electricity.  In  battleships  there  are  many  engines  used  for  work- 
ing turrets,  loading,  training  and  working  guns.  CJompressed  air 
is  not  used  as  extensively  as  steam,  water  and  electricity,  but  it  is 
often  used  for  dLscharging  tor|)edoes. 

Tlie  large  nunilxr  of  auxiliary  engines  makes  it  impossible  to 
describe  them  here  ;  among  the  most  important  uses  in  addition  to 
propulsion  are  ventilation,  forced  dr.ift,  feeding  boilers,  weighing 
anchor,  steering,  electric-lighting,  refiigerating,  lifting  coal,  dis- 
charging ashes,  etc. 

The  transmission  of  power  and  electric  signalling  on  boani 
ship  have  become  of  fii-st  importance.  Wires  can  be  conducted 
in  places  where  the  placing  of  steam  pipes  would  be  almost 
impossible. 

The  steam  engines  used  for  auxiliaiy  purposes  act  upon  the 

gam  A  T)rincipal  as  the  main  engines.     Vertical  engines  are  fre- 

ised  because  of  the  saving  in  floor  space.     The  pumps 

]^  boilers,  the  engines  for  the  circulating  pumps,  etc^ 
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being  vertical  in  most  instances.  As  before  mentioned,  the 
auxiliary  engines  exhaust  into  the  auxiliary  condenser  both  because 
of  economy  and  on  account  of  the  feed  water. 

PROPULSION. 

in  order  to  move  a  ship  the  resistance  must  he  overcome. 
When  the  engines  are  started,  the  paddle  wheels  or  screw  revolve 
for  a  short  time  before  there  is  any  appreciable  headway.  The 
power  of  the  engine  has,  during  this  time,  been  expended  in 
overcoming  the  inertia  of  the  ship.  When  the  inertia  has  been 
overcome  the  power  is  utilized  in  overcoming  the  resistance  of 
the  water  and  air  and  in  increasing  the  speed  of  the  ship.  As 
the  s|)eed  increases  the  resistance  increases,  and  there  comes  a 
time  when  all  the  power  is  used  for  overcoming  the  resistance 
and  there  is  none  left  for  increasing  the  speed.  The  ship  then 
moves  along  at  an  approximately  consfcint  speed. 

The  resistance  offered  to  a  ship's  motion  in  smooth  water 
may  be  divided  into  three  elements : 

Frictional  resistance  of  the  skin. 

Eddy  making  resistance. 

Wave  making  resistance. 

Frictional  resistance  is  by  far  the  most  important.  The 
amount  of  friction  l)etween  the  immersed  skin  and  the  Avater 
depends  upon  the  area  and  length  of  the  immersed  surface,  rpon 
the  roughness  and  upon  the  speed.  As  a  foul  bottom  causes  a 
considerable  increase  in  resistance  an.d  consequent  reduction  in 
speed,  the  ship's  bottom  and  the  propeller  blades  should  be  kept 
as  clean  as  possible. 

Eddy  making^  resistance  is  usually  small.  It  is  caused  by 
the  form  of  the  stern  and  by  the  churning  of  the  pro[)eller. 

The  amount  of  resistance  due  to  wave  making  de[)en(ls  upon 
the  form  of  the  ship.  At  the  bows  of  all  ships  some  waves  are 
formed,  and  if  they  pass  aAvay  from  the  ship  without  producing 
a  corresponding  reaction  under  the  stern  the  energy  used  in 
forming:  the  waves  is  wasted. 

Wi7id  and  waves  also  cause  the  resistance  to  be  increased, 
but  tlie  resistance  from  these  causes  is  difficult  to  estimate.     The 
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larger  and  longer  a  ship,  the  less  the  wind  and  waves  affect  its 
progress.  This  is  shown  by  the  regularity  with  whi(^.h  large 
ocean  steamships  make  their  voyages  under  varying  conditions  of 
wind  and  sea. 

Experiment  shows  that  within  ordinary  limits  the  resistance 
varies  as  the  square  of  the  speed,  and  the  power  required  to  over- 
come the  resistance  varies  as  the  cube  of  the  speed.  In  other 
words,  if  a  ship  has  a  certain  resistance  at  a  given  speed  the 
resistance  Avill  l>e  four  times  as  much  if  the  speed  is  doubled ; 
and  the  necessary  power  will  be  eiglit  times  as  much. 
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Speed  in  KnotB. 
F\fr.  40. 

By  considering  the  above  law  and  the  various  resistances, 
there  have  been  j)ro(luced  many  formulas  for  fiiiding  the  power 
necessary  for  a  given  speed.  These  formuhus  are  of  little  value, 
however,  unless  tlie  designer  knows  all  the  data  of  ships  of  simi- 
lar form,  size  and  speed. 

The  indicated  boi-se-power  is  not  a  true  measure  of  the  work 
done  by  the  propeller,  because  of  the  efficiency  of  the  machinery 
and  of  lines  of  the  ship. 

Indicated  thrust.  The  indicated  thrust  is  a  mathematical 
expression  veiy  commonly  used  in  connection  with  propulsion. 
Its  name  is  derived  from  indicated  horse-power  and  is  expressed  in 
pounds.  A  horse-power  is  33,000  foot  pounds  per  minute,  and 
hence  the  total  work  in  foot  pounds  done  by  the  engine  is  equal 
to  I.H.P.   X    33,000.     This  total  work  done  divided  by  the  dis- 
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tance  through  wliich  it  ants  in  one  minute  is  the  indicated  thrust- 
Let  I.II.P.  =  indicated  horse-power  of  the  engine. 
p  =■  pitch  of  the  screw  in  feet. 
N  =  number  of  revolutions  per  minute. 
T  :=  indicated  thrust. 

33,000  X  I.H.P. 


T  = 


Since  I.H.P.  = 


T  = 


ji>N 
2PLAN 
33,000 
2PLA 


P 
Suppose  a  marine  engine  develops  1,200  I.H.P.  when  mak- 
ing 90  revolutions  per  minute.     If  the  pitch  of  the  propeller  is 
20  feet,  wliat  is  the  indicated  thrust  ? 

^  __  33,000X  I.H.P. 

7N 
_  33,000  X  1,200 

20  X  90 
=  22,000  pounds. 
By  calculating  the  indicated  thrust  from  the  horse-jjower  for 
given  speeds,  a  curve  may  be  drawn  which  will  show  the  thrust 
for  all  speeds.  Such  a  curve  is  shown  in  Fig.  40.  The  verti- 
cal components  or  ordinates  are  indicated  thrusts  in  pounds  and 
the  horizontal  components  or  abscissa)  are  speeds  in  knots. 

The  most  economical  speed  is  the  speed  at  which  the  ship  can 
steam  a  given  distiince  with  the  least  consumption  of  fuel.  Or, 
it  is  the  speed  at  which  the  coal  burned  per  knot  is  least.  In 
general,  if  the  speed  is  reduced  the  expenditure  of  coal  is  re- 
duced. However,  the  reduction  continues  only  until  a  certain 
speed  is  reached,  after  which  the  coal  consumption  rises  as  the 
8j>eed  diminishes.  There  is  no  way  to  calculate  the  speed  at 
which  this  change  occurs  ;  it  can  be  found  by  trial  only.  The 
ship  is  run  at  various  s[)eed8  and  the  engines  carefully  tested. 
The  most  economical  speed  then  can  be  found  by  dividing  the  coal 
consumption  i)er  hour  by  the  speed  in  knots.  The  lowest  value 
shows  the  most  economical  speed. 

It  IS  practically  impossible,  or  at  least  inconvenient,  to  make 
the  trials  at  all  speeds.     To  obviate  this  difficulty,  the  results  are 
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plotted  gr^i^cally.  as  abown  in  Fig.  41.  The  coosuniptioii  of 
coal  per  day  io  ton.>  b  plotted  as  the  ordinates  and  tbe  correspoud- 
ing  speed  in  knobi  as  the  abscisse.  If  a  straight  line  ia  drawn 
from  O.  tangent  to  the  curre,  the  speed  corresponding  tn  the 
point  of  taiigenty  will  U?  the  most  economical  spee<].  Thus  for 
the  conditions  represented  in  Fig,  41.  the  most  economical  speed 
is  a  little  less  ihan  S  knot^  because  O  X  is  tangent  to  the  cune 
H  K  at  X.  The  dial  consumption  is,  from  the  diagnim,  alxtut  0 
tons   per  day.      The   curre   shows   that    the   machinery    works 


10 

Speed  iD  Eoots. 
Fig.  II. 

economically  between  6  and  10  knots  as  the  line  O  N  lies  near 
the  curve  for  those  speeds.  If,  however,  the  speed  falls  below  6 
knoti  or  rises  above  10  knot»  the  coal  consumption  increases 
rapidly. 

The  cui-ve  thus  drawn  is  for  the  propelling  machinery  only. 
If  the  niotit  economical  speed,  including  auxiliary  machineiy,  is  to 
be  determined,  the  distance  O  X  is  set  oft  below  O  to  represent 
the  coal  used  for  auxiliary  purposes.  The  tangent  X  L  is  then 
di-awa  its  before.  This  tangent  shows  the  most  economical  speed 
to  l)e  about  8i  knots. 

PROPELLER!?. 

Of  the   three    methods    of  propelling   ships   by   6t«am,    the 
*>iopeller  is  by  far  the  most  important. 
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Jet  propulsion  is  so  uncommon  that  it  requires  no  discus- 
sion. Paddle  wheels  are  used  for  river  and  harbor  boats,  espe- 
cially in  shallow  water.  For  sea-going  vessels,  lake  steamers  and 
steam  yachts  the  screw  propeller  is  almost  universally  adopted. 
It  is  taking  the  place  of  the  paddle  wheel  even  in  its  own  terri- 
tory. For  war-ships  the  screw  is  especially  desirable,  as  with  it 
all  the  machinery,  including  the  propeller  itself,  can  be  placed 
below  the  water  line. 

A  screw  propeller  is  a  set  of  blades,  usually  of  iron,  bronze 
or  steel,  placed  on  a  horizontal  shaft  and  made  to  revolve  by 
means  of  the  engine. 

Material.  For  small  vessels,  the  screw  propeller  is  often 
made  of  cast  iron  on  account  of  cheapness.  The  blades,  and  boss 
or  hub,  form  a  single  casting.  If  the  propeller  is  large,  the  blades 
are  made  separate  and  bolted  ^  to  the  boss.  This  method  has 
several  advantages ;  the  difficulty  of  manufacture  is  not  as  great, 
the  whole  propeller  is  not  disabled  in  case  one  blade  is  broken,  it 
is  much  more  easily  handled  and  the  boss  and  blades  may  be  of 
different  material.  With  a  propeller  having  detachable  blades, 
extra  blades  are  carried  so  that  the  propeller  may  be  repaired  in 
case  of  accident.  Cast  steel  is  used  to  some  extent,  but  although 
the  blades  can  thus  be  made  thin  (thereby  increasing  the  effi- 
ciency) they  are  liable  to  corrosion.  Bronze  and  gun-metid  are 
[)erhaps  the  best  materials,  as  they  are  strong,  tough  and  resist 
corrosion.  Sometimes  the  blades  are  made  of  bronze  and  the  l)oss 
of  cast  iron. 

Shape  of  the  blades.  Each  blade  may  be  considered  as  a 
small  part  of  the  thread  of  a  screw  of  great  pitch  and  depth. 
The  simple  screw  first  consisted  of  a  part  of  a  true  helix  cut  off 
by  two  parallel  planes  perpendicular  to  the  axis.  By  making  a 
double  helix,  or  double  threaded  screw,  two  blades  were  obUiined. 
After  a  time  the  forward  edges  Avere  cut  away  to  reduce  vibra- 
tion and  the  blade  gradually  assumed  the  shape  of  the  [)resent 
time.  The  form  of  each  blade  may  be  conceived  by  imagining  a 
straight  line  revolving  around  another  straight  line  j)erpen(lieular 
to  it  and  tnaveling  along  tlie  line  while  it  revolves. 

The  acting  surface  or  front  of  the  blade  is  the  after  face  and 
the  true  screw  surface,  but  the  back  or  forward  face  has  not  the 
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tme  screw  surface  on  account  of  the  thickness  necessary  for 
strength.  ^  The  best  shape  for  screw  propeller  blades  is  lai-gely  a 
matter  of  ex[ier!raent.  The  form  is  practically  elliptical  and  the 
transverse  sections  approximate  semi-ellipses. 

It   Is  remarkable  that  small  changes  in  form  often  make  a 
frreat  difference  in  s[jee<l  ami  power. 

Number  of  blades.  Propellers  are 
made  with  two,  three  and  four  blades. 
For  smooth  water  the  two-bladed  propeller 
is  efficient ;  for  rough  water,  when  the  boat 
pitches,  three  or  four  blades  are  moie 
satisfactory*.  Three  or  four  blades  are  the 
more  common,  as  they  have  continuous 
action.  Four  is  the  most  common  for  the 
merchant  marine.  If  four  blades  are  used 
and  one  l>ecomes  broken,  the  thi'ee  remain- 
ing blades  are  sufficient,  but  if  the  pro- 
peller has  but  two  blades  and  one  of  them 
is  broken,  the  propeller,  having  but  a  single 
blade,  is  so  badly  balanced  that  the  engines 
are  severelv  strained. 

Pitch  of  screw.     The  pitch  of  a  screw 

propeller  is  the  distance  that  a  point  on  a 

blade  travels  in  the  direction  of  the  axis 

during  one  revolution.     It  is  the  distance 

that  the  propeller  Avill  advance  during  one 

revolution  provided  there  is  no   slip.     A 

screw  propeller  is  very  similar  to  an  onli- 

nary    wood    or   machine    screw   of  coarse 

pitch.     In    the   case  of  a  woOd  screw  or 

cork  screw,  the  screw  advances  a  distance 

Fig.  42.  equal  to  the  pitch  during  every  revolution. 

The  pitch  is  often  uniform,  tliat  is,  the  pitch  is  the  same  for 

points   on    the   blades.     Sometimes    the    pitch    is    increased 

htly  toward  the   tips  of  the  blades  so  that  shock  will  be  re- 

'ing  the  action  more  gradual. 

of  pitch.     If   a   propeller  is  made   in    one  solid 
way  to  alter  the  pitch.     With  most  propellers 
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the  blades  are  detiichable,  that  is,  they  are  made  separate  and 
bolted  to  the  boss.  The  holes  in  the  blade  flanges  of  large  pro- 
pellers are  made  elongated  so  that  the  position  of  the  blades  may 
be  altered  slightly,  thus  changing  the  pitch.  The  allowable 
change  in  pitch  is  not  greater  than  three  or  four  feet  even  in 
large  wheels. 

The  pitch  ratio  is  the  ratio  of  the  pitch  to  the  diameter. 
Suppose  a  screw  propeller  is  IG  feet  in  diameter  and  has  a  pitch 
of  21  feet,  the  pitch  ratio  is  \\  =  1.31. 

To  find  the  pitch.  From  the  definition  it  is  evident  that  to 
find  the  pitch  of  a  propeller  it  is  necessary  to  know  how  far  a 
point  moves  in  a  line  parallel  to  the  axis  while  it  moves  through  a 
known  ai)gle.     These  two  metisurements  may  be  found  as  follows  : 

The  tiiil-piece  and  cap-nut  are  first  removed  and  a  wooden 
bar  of  sufficient  stiffness  is  fixed  to  the  end  of  the  shaft  as  shown 
in  Fig.  42.  The  center  of  the  bar  should  coincide  with  the  center 
of  the  shaft  and  be  made  so  that  it  can  move  about  the  point  O 
in  a  [)lane  perpendicular  to  the  axis  of  the  shaft.  In  the  lower 
portion  of  Fig.  42,  O  R  represents  the  radius  bar,  and  in  the  upper 
portion  O  E  and  O  F  represent  the  center  lines  of  O  R. 

Fii-st,  place  O  R  in  some  position,  O  E  for  example.  Then 
measure  by  means  of  a  rod  or  in  some  other  manner  the  perpen- 
dicular distance  from  E  to  the  blade.  This  will  be  E  E'  in  the 
lower  portion  of  Fig.  42.  Now  move  O  R  through  a  small  arc 
as  E  F,  and  mark  the  an[{le  E  ()  F  on  the  boss  or  measure  it. 
Again  measure  the  perpendicular  distance  from  the  bar  to  the 
blade  which  will  be  F  F'.  Subtracting^  E  E'  from  F  F'  leaves 
D  F'.  Now,  I)  F'  is  parallel  to  the  axis  and  is  the  distance  that 
the  given  i)oint  E  moves  in  that  direction  while  it  moves  through 
the  arc  E  F. 

Suppose  the  angle  EOF  is  5|  degrees  or  J^  of  3G0*^, 
(360  -f-  o|  =  64)  and  D  F'  is  three  inches.  Then,  while  the 
[)cint  moves  through  gi^  of  the  circumference  it  moves  3  inches. 
In  movino"  through  the  whole  circumference  it  Avould  move  3  X 
64  =  192  inches  ==16  feet  in  tlie  direction  of  the  axis.  Hence 
the  pitch  is  16  feet.  This  m  ly  he  expressed  as  a  simple  propor- 
tion, because  E  O  F  is  the  same  fraction  of  the  complete  circum- 
ference as  D  F'  is  of  the  pitch.     Or, 
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E  O  F  :  360  :  :  D  F'  :  piU^li. 

It  may  be  more  conveiiient  to  measure  E  F  than  to  measure 
the  angle.      Then, 

E  F  :  2  TT  X  ()  E  :  :  D  F' :  pitch. 

This  method  assumes  the  pitch  to  be  constant.  If  it  is  not 
constant  and  if  it  is  desired  to  find  the  mean  pitch,  find  the  pitch 
in  the  manner  described  above  for  several  points  and  then  find 
the  average  pitcli. 

The  Diameter  of  the  Screw  Propeller  is  the  diameter  of  a 
circle  described  by  the  extreme  end  of  the  blades  if  the  pitch  is 
zero.  As  in  the  case  of  a  wood  screw  the  diameter  is  the  outside 
diameter.     Tlie  area  of  this  circle  is  called  the  disc  area. 

Determination  of  Pitch  and  Diameter.  Tliere  are  many  rules 
for  determining  the  proper  diameter  and  best  pitch  for  propellers 
but  thev  are  of  little  value  unless  all  the  conditions  are  known 
and  the  conditions  are  similar  to  those  in  vessels  already  built. 
The  diameter  of  the  screw  for  a  single  screw  steamer  depends 
upon  the  amount  of  water  the  steamer  draws  aft.  The  screw  is 
usually  made  large  so  that  the  pitch  may  be  large  and  the  engines 
run  at  moderate  speed. 

The  pitcli  is  determined  from  the  diameter.  The  allowable 
r.mge  of  pitcli  ratio  is  considerable  ;  that  is,  there  is  no  great 
change  in  eflitiency  for  a  slight  change  in  pitch  ratio.  The  best 
ratio  seems  to  be  between  1.1  and  l.o.  Then  for  a  wheel  14  feet 
in  diameter,  the  pitch  would  probably  be  between  lo  and  21  feet. 

Details.  A  modern  form  of  screw  propeller  is  shown  in  Fig. 
48.  It  consists  of  a  boss  B  and  three  blades  \j  which  are  bolted 
to  it.  The  boss  is  nrade  large,  nuich  larger  than  is  necessary  to 
fasten  it  to  the  shaft.  Tlie  retison  for  making  it  large  is  that  the 
portions  of  the  blades  near  the  boss  are  ineffective,  that  is,  they 
simply  churn  the  water  without  producing  useful  results.  This 
churning  is  reduced  by  making  the  boss  large.  The  boss  is  gener- 
ally made  spherical  or  pear-shaped  so  that  it  will  offer  little  resist- 
unce  while  p:issing  through  the  water.  1"'he  hole  through  the 
boss  and  the  portion  of  the  shaft  "^I'  which  carries  the  propeller  is 
tapered.  A  longitudinal  key  K,  prevents  the  propeller  from 
rotating  on  the  shaft.      The  end  of  the  sliaft  is  threaded  and  the 
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bfjpiii  kept  in  place  by  the  cap-iint  X-  This  not  is  secure*  1  l»y 
mesLUsi  of  a  keep-plate  or  other  device. 

A  conical  tail-piece  C  bolted  to  the  end  of  tlie  boss  reduces 
e'ldj'ing,  prevents  corrosion  of  the  ca{>-nut  and  shaft  and  also  prv- 
ventfl  fouling  by  ropes.  At  the  other  end  of  the  bosss  a  stuffing:- 
\hpx  prevents  water  from  entering  at  the  junction  of  the  boss  and 
shaft. 

The  flanges  F  of  the  blade  are  recessed  into  the  boss  and  are 
Ixylted  tf>  it.  Tlie  heads  of  the  bolts  are  recessed  into  the  flanges 
and  covered  with  plates.  By  this  means  the  spherical  form  is 
preserved. 

Action  of  the  Propellen  \Vlien  a  screw  propeller  is  revolv- 
ing in  a  given  direction  (for  go-ahead  motion  for  instance )  the 
blades  j>res8  on  the  water  as  the  threads  of  an  ordinary  screw  do 
ujxjn  the  threads  in  tlie  nut.  The  pressing  of  the  blades  on  the 
water  causes  the  water  to  be  driven  liackward.  The  result  of  the 
reaction  caused  by  projecting  the  mass  of  water  sternward  is  the 
ahea<I  motion  of  the  boat.  The  useful  work  done  by  the  propel- 
ler is  that  which  forces  the  water  directlv  sternward ;  the  move- 
ment  of  water  in  any  other  direction  is  waste  power. 

Speed  of  the  Screw.  If  the  screw  worked  in  an  unj-ielding 
medium,  it  would  advance  a  distance  equal  to  its  pitch  at  each 
revolution.  Hence  the  s[)eed  of  the  screw  per  minute  is  the  pro- 
duct of  the  pitch  and  the  nunil)er  of  revolutions  per  minute. 

Example.  Suppose  a  screw  is  of  18  feet  pitch  and  makes  72 
revolutions  i>er  minute.  Wh-it  is  the  s[)eed  of  the  screw  in  feet 
j)er  minute  and  knots  per  hour? 

18  X  72  =  1,290  feet  per  minute. 
1,296  X  60  —  77,760  feet  per  hour. 

'         =  12.78  knots  per  hour. 

6,080  ^ 

However  the  water  is  a  yielding  medium  and  for  this  reason 
the  pressure  of  the  blades  causes  the  water  acted  on  to  be  driven 
back  iiLstead  of  remainiug  fiiin.  Theu  the  actual  speed  of  the 
ship  (when  referred  to  the  undisturbed  water  at  a  slight  distance 
from  the  ship)  is  less  than  the  speed  of  the  screw.  This  differ- 
ence is  called  slip. 

5lip  is  the  difference  between  the  speed  of  the  8crew  and  the 
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speed   of  the  ship,  relative    to  still  water.      It   is  expressed    in 
feet  per  minute  and  as  a  per  cent,  of  the  speed  of  the  screw. 

Example.  A  ship  is  moving  at  the  rate  of  16  knots  per  hour. 
The  screw  has  a  pitch  of  19  feet  and  makes  97  revolutions  per 
minute.     What  is  the  slip  ? 

10  X  97  =  1,843  feet  per  minute  i=  speed  of  screw. 

. —1 =  1,621  feet  per  minute  =  speed  of  ship. 

Slip  =  1,843  —  1,621  z=  222  feet  per  minute. 
222 


=  .1204  =  12.04  percent. 
1,843  * 

This  may  lye  expressed  algehrai(^ally  as  follows : 

Let  S  7Z1  speed  of  screw 
8  =  speed  of  ship 
L  =  slip  in  feet  per  minute. 
Then 

L  =  S  — » 

— ZI —  X  100  =  slip  expressed  in  per  cent. 

The  slip  thus  found  is  not  the  actual  slip  but  the  apparent 
slip.  It  is  not  the  actual  or  real  slip  because  the  screw  does  not 
act  '^  still  water  but  in  water  that  has  been  set  in  motion  by  the 
screw  itself  or  by  the  hull. 

While  the  hull  moves  through  the  water,  it  sets  in  motion  the 
water  in  contact  with  it ;  the  direction  being  the  same  as  that  of 
the  ship.  The  water  close  to  the  ship  has  a  greater  forwaixi 
velocity  than  that  Jit  a  distance.  Since  this  water  luus  a  velocity 
a  little  less  than  that  of  the  sliip  it  soon  falls  behind  the  hull  and 
is  found  at  the  stern.  TIuis  the  water  in  which  the  i)ropeller 
acts  lias  a  forward  velocity.  Also  the  velocity  is  influenced  by 
the  waves  and  eddies  due  to  the  lines  of  the  vessel.  On  account 
of  the  many  conditions  that  make  the  velocity  of  the  wake  vari- 
able, it  is  difficult  to  calculate  it. 

When  the  propeller  is  considered  it  is  evident  that  the  con- 
dition of  the  water  in  which  it  works  should  he  considered.  Since 
the  velocity  is  difficult  to  obtain,  the  real  slip  is  not  easily  found. 

When  slip  is  referred  to  it  is  generally  the  apparent  slip  that 
IS  intended  and  not  the  real  slip. 
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Apparent  slip  varies  from  5  to  25  per  cent.,  15  to  20  being  a 
fair  average.  The  real  slip  is  usually  from  5  to  15  per  cent, 
greater  than  the  apparent. 

Neg:ative  Slip.  On  account  of  the  condition  of  the  wake  in 
which  the  propeller  works,  positive  real  slip  is  necessary.  In 
some  cases,  the  calculation  has  shown  the  appai*ent  slip  to  be 
negative.  This  shows  that  the  speed  of  the  ship  is  greater  than 
that  of  the  propeller.  If  the  real  slip  were  small,  8  or  10  per 
cent,  for  instance,  the  apparent  slip  would  probably  be  negative. 
There  may  be  several  reasons  for  negative  slip,  the  most  common 
one  being  the  initial  velocity  of  the  wake. 

Experiments  show  that  with  small  percentage  of  real  slip, 
the  efficiency  is  low;  hence  if  the  apparent  slip  is  negtitive  or 
zero,  it  is  generally  considered  that  the  propeller  is  not  working 
efficiently. 

In  order  to  propel  a  large  ship  at  a  given  speed  the  propeller 
must  be  large  ;  sometimes  the  ship  draws  too  little  water  for  such 
a  pro{>eller.  Also,  there  are  other  conditions  which  sometimes 
make  it  desirable  to  use  two  propellers  instead  of  one. 

Twin-screws.  Twin-screws  are  now  common  both  in  the 
navy  and  in  the  merchant  marine.  For  twin-screws  there  are  two 
separate  engines,  two  shafts  and  two  screws.  These  are  placed 
on  either  side  of  the  keel  as  shown  in  Fig.  44,  which  gives  the 
arrangement  of  the  shafting  and  bearings  of  a  twin-screw  ship. 
The  bearings  and  cranks  of  the  triple  expansion  engines  are  shown 
at  E  and  E'.  The  shafting  consists  of  the  crank  shafts  of  the 
engines  and  the  screw  shafts  oc  proi)eller  shafts  which  run  aft 
from  the  engines  to  the  screws.  The  shafting  is  made  in  con- 
venient lengths  and  coupled  together.  The  shafts  are  kept  in 
place  by  means  of  bearings;  main  bearings  at  the  engine,  and 
screw-shaft  bearings  for  the  propeller  shaft.  The  latter  named 
bearings  include  the  thrust  blocks  T  and  T',  the  ordinary  inboard 
bearings  I  and  I',  the  stern  tubes  F  and  F'  and  the  outboard 
bearings  O  and  O'.  The  stern  tubes  are  tilted  where  the  shafts 
pass  through  the  hull.  The  propeller  shafts  are  enclosed  in  the 
casings  C  and  C  which  extend  from  the  stern  tubes  to  the  out- 
board bearings  which  are  supported  on  brackets. 

The  shafting  for  large  steamers  is  hollow,  the  internal  diam- 
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eter  l>eiiig  about  one-half  the  external.  A  slight  addition  to  the 
dianietcM'  nuikes  the  hollow  shaft  sis  stront^  as  the  solid. 

Twill-screws  have  the  foUowin*^  advantages  : 

There  l)eing  two  screws,  (^ach  may  l)e  of  innch  less  diameter, 
hence  tiny  may  be  run  at  greater  8i)eed,  and  for  a  given  power 
the  engines  may  be  of  shorter  stroke.  As  the  height  of  a  vertical 
engine  depends  upon  the  length  of  stroke,  engines  for  twin-screws 
need  not  be  as  high  jus  the  engine  for  a  single  screw. 

The  engines  for  twin-screws  can  be  small  as  the  necessary 
power  for  propulsion  is  divided;  this  is  an  advantage  in  manu? 
facture. 

With  two  engines,  a  bulkhead  may  he  placed  between  them, 
thus  forming  two  water-tight  compartments. 

If  one  i'ligine  is  disabled  the  ship  can  bo  brought  into  |)ortby 
the  other. 

With  two  screws  the  vessel  can  Ire  turned  more  easily  by 
going  ahead  with  one  and  astern  with  the  other.  Also  it  can  be 
steered  to  some  extcMit  by  means  of  the  two  screws. 

Triple  Screws  are  used  in  very  large  vessels  and  in  the  navy. 
Tlie  triple  screws  give  muc^h  the  same  advantages  as  twin  screws. 
In  the  navy  the  center  screw  can  be  used  for  cruising,  two  for 
moderate  sj^eeds  and  all  three  for  full  si>eed. 

ENGINE  ROOM  FITTINGS. 

CYLINDER    RELIEF   VALVES. 

It  frecpKMitly  hji[)[)L'ns  th:it  water  collects  in  the  cylinders 
because  of  condensation  or  priming  of  the  boilei"s.  If  this  water 
remains  in  the  cylinder,  it  is  likely  to  cause  excessive  strains 
or  may  (^ven  caus(i  the  cylinder  IhnuIs  to  be  blown  off.  To  pre- 
vent accident,  relief  valves  are  often  iitted  to  l)oth  ends  of  the 
cylinders.  These  valvt^s  are  usually  small  spring-loaded  safety 
valves  as  shown  in  Fig.  4^').  The  springs  are  long  so  that  the 
valves  may  havt;  considerable  lift  without  compressing  the  spring 
too  much.  They  are  set  to  open  at  alniut  lifteen  or  twenty  pounds 
al)Ove  the  initial  working  pressure. 

Cylinder  relief  valves  should  Ik?  fitted  to  both  ends  of  the 
cylindera  of   the    main   engines,   although   they  are   frequently 
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omitted  Ivom  the  top  ends.  These  valvrs  should  be  piped  so  that 
tlie  hot  water  escaping  from  them  will  not  scald  those  in  attend- 
ance bat  will  go  to  the  condenser  or  the  feed  tank.  Like  other 
safet}^  valves  they  should  be  provided  witli  means  for  adjusting 
the  tensiou  of  the  springs  and  for  locking  them  in  position.  Relief 
valves  are  also  placed  on  feed  pipes  and  tlie  (ire  sj'stem  to  guard 
against  split  pipes  in  case  the  valves  do  not  open. 

DRAIN   COCKS. 

Ill  addition  to  the  cylinder  relief  valves,  drain  cocks  are 
fitted  to  the  lower  ends  of  tlio  cylinders.  They  should  be  fitted 
to  any  part  of  the  engine  wliere 
water  is  likely  to  collecti  such  as 
the  cylinders,  steam  chest,  jack- 
ets, etc.  By  means  of  tliese  co(;ks, 
the  cylindera  may  l)e  drained 
while  the  engines  are  being 
warmed  or  while  starting.  They 
usually  dischai-ge  into  the  con- 
denser while  under  way  or  into 
the  feed  bmk,  thus  saving  the 
fresh  water.  The  jacket  drains 
often  lead  to  a  small  vessel  placed 
below  the  bottom  of  the  cylinder 

and  provided  with  a  gage  ghiss. 

Ficr.  45. 

BY-PASS    VALVES. 

Compound,  triple  ex[)ansi()u  and  cpiadruph^  expansion  en- 
gines are  titted  with  hy-pnss  valves  or  auxiliary  starting  valves. 
Auxiliary  starting  valves  are  those  which  admit  steam  dlrcrfhf 
to  the  top  and  l)ottom  of  tlie  cylinders  without  going  throu^di  the 
receivei's.  This  valve  is  a  Hat  plate  similar  to  a  phiin  slide  valve 
but  without  the  exhaust  cavitv.  It  slides  on  a  flat  seat  and  the 
t\^'0  ports  communioiitc;  with  th(»  two  ends  of  the  cylinder.  It  is 
moved  by  means  of  a  hand  lever;  if  the  lever  is  moved  in  one 
direction  the  valve  admits  steam  to  one  end  and  when  moved  in 
the  opposite  direction  steam  is  aduiitt(jd  to  the  other  end.  The 
levers  ai*e  often  arranged  to  move  in  th.»  direction  tliat  the  steam 
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will  move  the  piston.  With  these  valves  a  trijde  expansion  en^ne 
may  be  started  if  the  valve  of  the  high  pnessnre  cylinder  c*^vers 
both  ports. 

By  means  of  the  by-fjass  valves,  live  steam  is  admitted  to 
the  receirer$  so  that  the  engines  may  be  warmed  before  start  ins:  *>r 
easily  started  if  both  ports  to  the  high  pressure  cylinder  are 
closed,  or  if  the  high  pressure  crank  is  on  dead  center.  As  the 
steam  is  admitted  to  the  receivers,  it  finds  its  way  to  the  proj)er 
side  of  the  pistons  throagh  the  main  valves.  Thus  it  is  not 
neoessan»'  to  consider  in  which  direction  the  piston  is  to  move. 

Starting  bv  means  of  by-pass  valves  is  slower  than  with 
auxiliary'  >tarting  valves  because  the  steam  must  first  fill  the 
receivers  as  well  as  the  cylinder  space  on  one  side  of  the  piston ; 
also  it  increases  the  b-\ck  pressure  on  the  preceding  piston,  since 
that  cylinder  is  in  communication  with  the  receiver  by  means  of 
the  exhaust  cavity.  The  by-pass  valves  are  often  used,  mainly 
because  of  their  simplicity  and  the  freedom  from  error. 

RECEIVER  SAFETY    VALVES. 

The  receivers  are  sometimes  constructed  for  a  working  pree* 
sure  somewhat  less  than  that  of  the  high  pressure  cylinder.  In 
starting,  or  in  case  the  preceding  valve  were  to  get  off  its  seat  or 
should  become  broken,  steam  pressure  is  likely  to  acctimulate  in 
the  receiver  and  exceed  the  allowable  pressure.  To  i-elieve  the 
pressure,  small  safety  valves  are  fitted  to  the  receivers.  They 
discharge  the  steam  into  the  engine  room  and  so  give  warning  of 
excessive  pressure. 

For  an  initial  steam  pressure  of  about  150  pounds,  the  safety 
valves  on  the  intermediate  and  low  pressure  receivers  should  be 
set  to  blow  at  about  80  pounds  and  30  pounds  respectively. 

The  pressures  in  the  receivei-s  are  shown  by  pressure  gages. 

These  gages  are  of  the  same  form  of  construction  as  those  used 

on  the  lx)ilei's,  and  are  often  piped  so  they  may  be  seen  from  the 

stalling  platform. 

JACKING   GEAR. 

In  order  tliat  the  encjines  may  be  turned  over  when  not  under 
steam,  a  large  worm  wheel  is  keyed  on  the  after  end  of  the  crank- 
shaft.     In  small  engines,  the  jacking  wheel  may  have    holes  or 
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recesses  in  the  rim  so  that  it  may  be  turned  by  means  of  a  crow- 
bar, or  it  may  be  turned  by  a  ratchet  and  lever.  For  large  engines, 
a  small  auxiliary  steam  engine  is  fitted  on  the  frame  to  work  the 
worm,  so  the  engines  may  be  turned  rapidly  in  case  of  adjustment 
or  repairs.  When  not  under  steam,  the  engines  should  be  turned 
over  daily  to  keep  them  in  good  condition. 

The  worm  and  worm  wheel  must  be  so  arranged   that  when 
the  engines  are  under  steam  the  worm  may  be  disconnected. 

REDUCING   VALVES. 

The  main  boilers  usually  cairy  a  steam  pressure  much  higher 
than  that  used  in  the  auxiliary  engines.  Although  it  is  usual  to 
supply  auxiliary  engines  from  auxiliary  boilei-s  or  donkey  boilers, 
yet  it  frequently  liappens  that  steam  must  be  taken  from  the 
main  steam  pipe  to  run  the  steering-engine,  electric-lighting, 
engine,  winches,  etc.  Also  the  pressure  in  the  steam  jackets  is 
usually  somewhat  less  than  that  of  the  boilers.  To  reduce  auto- 
matically and  maintain  the  pressure  for  these  purposes,  reducing 
valves  are  fitted.  There  are  several  forms  of  reducing  valves  used, 
the  Foster  valve  as  described  in  "^  Marine  Boilers"  being  the  most 
common. 

Frequently  a  small  safety  valve  is  placed  on  the  low  pressure 
side  for  a  relief  in  case  the  reducing  valve  gets  out  of  order. 
Pressure  gages  are  also  fitted  on  the  discharge  side  and  sometimes 
on  both  sides.  Reducing  valves  are  es[)ecially  desirable  for 
dynamo  engines  or  where  high  pressure  water-tube  l)oilprs  are 
used  ;  if  the  pressure  in  the  boilers  varies,  the  reducing  valve  will 
keep  it  constant  in  the  auxiliary  engine  for  the  close  regulation 
necessary  for  electric  lighting. 

MAIN    INJECTION    VALVE. 

The  holes  below  the  water  line  i\\  the  hulls  of  vessels  must 
be  fitted  with  valves  to  control  tlie  flow  of  water.  In  the  ease  of 
the  inlet  for  the  condensing  water  for  the  circulating-pump,  the 
Kins^ston  valve  was  the  one  most  cominoidy  fitted.  This  valve 
is  simply  a  conical  valve  opening  outward  so  that  the  pressure  of 
water  keeps  it  closed.  The  valves  are  fitted  with  long  spindles 
go  that  they  may  be  opened   and  closed  inside  the   ship.     Th'iB 
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form  of  Talve  was  much  iLsed  for  wocNlen  shijie  and  is  sometimes 
iised  for  bteel  vessels.  The  ordinary  screw-down  valve  is,  how- 
ever, frequently  used  in  steel  vessels  as  it  is  lighter  and  cheaper, 
and  the  Kingston  valve  lias  no  especial  advantage  for  such  hulls. 

The  screw-down  valves  close  against  the  pressure  of  water. 
In  case  of  fracture,  the  sea-water  will  close  the  Kingston  valve 
but  will  rush  into  the  hull  if  the  screw-down  valve  is  used. 
Thus  the  former  will  automatically  prevent  the  sinking  of  the 
ship.  If  the  screw-down  valve  breaks,  the  inrush  of  sea-water 
may  be  reduce<l  until  rejtairs  can  be  made,  by  passing  a  tarpaulin 
over  the  side  and  securing  it  over  the  opening. 

The  oi)ening  in  the  skin  of  the  ship  is  provided  with  a 
strainer  or  grating  of  huge  area,  to  prevent  sea-weed  and  other 
foreign  matter  from  entering  the  pumps. 

It  is  a  good  plan  to  fit  a  screw-down  valve  inside  the  ship 
near  the  sea- valve  for  a  Iditional  security.  This  is  especially  de- 
urable  in  case  the  main  injection  valve  is  a  screw-down  valve. 

BILGE   SUCTION. 

As  stated  in  discussing  condensers,  most  vessels  are  pij>ed  so 
that  the  circuLiting-punips  can  pump  from  the  bilges  as  well  as 
from  the  sea.  This  may  be  done  by  having  pipes  lead  ftx)m  the 
bilges  to  the  main  injection  pipe.  This  bilge  suction  pipe  is  pro- 
vided with  a  non-return  valve,  called  the  bilge  injection  valve,  so 
th  it  in  ease  of  a  leak  water  may  l>e  diawn  from  the  bilges  and 
discharged  overboard.  When  pumping  from  the  bilges  the  sea- 
valve  is  closed  and  the  bilge  injeetion  valve  opened.  This  valve 
is  similar  in  construction  to  an  adjustable  lift  feed  valve.  When 
pumping  from  the  bilges,  this  valve  will  allow  water  to  pass  from 
the  hilges  to  the  pum[)s,  but  when  the  pumps  are  drawing  from 
the  sea,  the  sea  water  holds  the  valve  down. 

The  end  of  the  bilge  pipe  should  always  be  provided  with  a 
strainer,  so  that  waste,  chips,  etc.  will  not  enter  the  pumps. 
Bilge  piping  is  almost  always  of  lead  as  it  is  durable  and  easily 
fitted.  The  bilge  water  corrodes  iron  quickly  unless  it  is  well 
protected.  Lead  bilge  piping  should  be  inspected  frequently 
because  being  easily  flattened  and  dented  it  may  be  damaged  so 
to  prevent  or  greatly  reduce  the  flow  of  water. 
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DIRECTINQ-BOX. 

To  simplify  the  bilge  piping  and  to  allow  the  various  pumps 
to  draw  water  without  complex  piping,  all  the  bilge  suctions  are 
usually  led  to  a  rectangular  box  or  chest  called  the  directins^-box, 
mud-box  or  communication-box.  This  is  a  rectangular,  closed 
cast-iron  chest,  situated  in  the  engine-room  near  the  pumps.  It  is 
divided  into  two  compartments  by  a  strainer.  All  the  suction 
pipes  of  the  various  pumps  are  connected  to  one  end  of  this  box 
by  valves.  The  bilge  pipes  are  connected  to  the  other  end  by 
valves  or  stop-cocks.  Thus  any  pump  may  draw  from  any  bilge 
through  the  same  pipe  if  the  valves  are  properly  arranged.  As 
this  box  has  considerable  capacity  the  velocity  of  the  water  will 
l>e  slight,  and  consequently  the  sediment  will  either  be  deposited 
or  caught  by  the  strainer.  The  cover  should  be  Ciisily  removed, 
so  that  the  interior  may  be  examined  and  the  strainer  cleaned. 

DELIVERY   VALVES. 

Delivery  or  discharge  valves  should  be  fitted  to  each  outboard 
delivery  pipe  at  the  outlet.  This  valve  is  simply  a  check-valve  or 
non-return  valve  having  a  spindle  passing  through  the  covers,  so 
tliat  they  may  be  lifted  or  pressed  down  on  the  seats.  It  is 
arranged  so  that  water  may  be  discharged  from  the  ship  but  no 
sea-water  can  flow  back.  If  the  valves  have  no  external  spindles, 
no  one  knows  whether  or  not  they  are  shut. 

WATER   SERVICE. 

In  order  to  supply  cold  water  to  the  thrust-block,  crosshead 
slides,  eccentrics,  and  the  various  bearings,  a  system  of  piping  is 
instiiUed.  The  pipes  lead  from  the  sea,  condenser,  or  from  a  donkey 
pump  to  the  points  where  the  water  is  needed.  Water  for  the 
bearings  and  the  various  parts  of  the  engine  is  usually  taken  fiom 
the  sea,  while  the  water  for  the  thrust-bearing  is  taken  from  the 
stern  tube  or  from  the  sea.  If  the  water  is  taken  from  the  sea, 
the  pressure  is  sufficient  to  cause  the  flow.  In  case  of  stoppage  a 
pump  is  put  in  to  clear  the  pi[)es. 

In  large  ships  a  fire  main  runs  around  the  ship;  from  this 
pipe  bnmches  lead  to  the  various  stations.  The  fire  system 
carries  a  pressure  of  25  to  40  pounds,  and  is  useful  for  washing 
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decks  and  flashing.     The  system  is  piped  both  from  the  sea  and 
from  the  bilges. 

nANAQEMENT  OF  ENGINES. 

It  is  of  great  importance  that  the  chief  engineer  and  all  of 
the  assistants  should  be  familiar  with  the  machinery  of  the  ship. 
The  steam  and  exhaust  pii>e8,  both  main  and  auxiliary,  and  the 
location  of  the  valves  should  be  traced;  also  the  feed  pipes  to  the 
boilei-s,  and  the  piping  to  the  condensei-s.  It  is  necessary  that 
each  officer  should  know  tlie  function  of  eveiy  pump  and  the  pi}>- 
ing  from  the  bilt^es.  Unless  the  engineer  on  watch  is  well 
acquainted  with  all  the  machinery  he  cannot  act  promptly  in  case 
of  emergency  but  will  be  compelled  to  send  for  the  chief  or  find 
someone  under  him  wlio  can  furnish  detailed  knowledge  of  the 
part  in  question.  The  promptness  and  confidence  with  which  he 
can  act  at  all  times  depend  upon  his  knowledge  of  all  the  parts 
of  the  machinery. 

Before  Starting:,  Just  what  to  do  before  starting  depends 
largely  upon  the  prevailing  conditions  and  the  arrangement  of  the 
machinery.     In  general  the  following  should  be  observed  : 

All  gear  used  in  port  or  for  repaii*s  should  be  stowed  away 
and  all  covers  rej)laced.  Such  valves  as  t4ie  inlet  and  outlet  valves 
of  the  circulating  pump  and  all  valves  to  bilge  pipes  should  Ije 
tried  and  put  in  proper  condition.  The  outboard  delivery  valves 
from  all  pumps  should  receive  especial  attention.  The  valves  to 
jackets  and  the  bulkhead  and  regulating  valves  should  be  opened 
and  inspected.  The  valves  in  the  main  steam  pipe  should  not  be 
closed  tightly  or  they  will  be  set  fast  when  steam  enters. 

The  oil-cu[)s  and  lubricators  should  be  examined  and  put  in 
good  working  order  and  the  necessary  woi^steds  adjusted. 

The  various  joints  should  \ye  inspected  and  the  glands  packed. 

Pressurt^  and  vacuum  gages  should  be  connected  and  the  shut- 
off  cocks  tried. 

The  bright  parts  of  the  machinery  that  are  likely  to  become 
splashed  with  water  should  be  oiled. 

Auxiliary  engines  should  b(*  tried  by  steam  if  possible;  if 
not,  by  hand.  Such  auxiliaries  a>  the  steering  engine,  circulating 
engines  and  the  electric-lighting    engines  should  recei^'e  careful 
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attention.  In  all  cases,  the  revei-sing  engine  should  be  tried 
before  using  the  main  engines  and  before  entering  port  it  should 
%gaiu  be  tried  to  make  sure  that  it  works  properly. 

The  main  engine  sliould  be  oiled  at  all  the  rubbing  and  ro- 
tating parts. 

An  important  item  is  the  examination  of  the  crank-pits  and 
all  the  working  parts.  If  these  parts  are  not  examined,  some 
obstruction  may  prevent  the  engine  from  starting.  The  main 
engines  should  be  turned  through  at  least  one  revolution,  both 
ahead  and  astern,  by  hand. 

In  case  forced  draft  is  used  with  closed  stokeholds,  the  dmft 
gjiges  should  be  cleaned  and  filled  with  water  and  the  air-tight 
doors  should  be  examined  and  rigged.  The  fans  should  be  care- 
fully oiled  and  adjusted. 

To  Start  the  Ens^ine.  In  starting  an  engine  the  engineer  in 
charge  must  use  the  knowledge  gained  from  ex[)erience  as  no  set 
rules  will  apply  to  all  engines.  For  instance,  a  small  single 
cylinder  engine  is  not  started  in  the  same  manner  as  a  large  triple 
expansion  engine.  In  the  following  we  will  consider  the  types  of 
machineiy  most  used  —  the  triple  expansion  engine  and  surface 
condenser. 

In  general,  to  start  an  engine  it  is  first  necessary  to  warm 
the  cylindei-s  and  form  a  vacuum  in  the  condenser ;  the  engine 
can  then  be  started  by  admitting  steam  to  the  cylinders. 

To  fonn  the  vacuum.  It  is  usual  to  fit  an  ind(,»pendent  cir- 
ciilating-pump  so  the  Kingston  or  sea-valve  should  be  opened  and 
the  discharge  valve  tested  to  see  if  it  lifts  readily.  The  circulat- 
ing-pump is  then  started  so  that  the  condenser  will  not  become 
heated  by  the  drains  and  exhaust  steam.  The  auxiliary  air-pumps 
should  then  be  started  to  keep  the  main  and  auxiliary  condensei'S 
free  from  water  and  to  form  a  partial  vacuum.  If  the  air-pump 
for  the  main  condenser  is  independent,  it  may  be  started  so  as  to 
form  a  vacuum. 

To  warm  the  engines,  all  cylinder,  receiver  and  steam  chest 
drains  are  put  in  communication  with  the  condenser.  In  order  to 
ascertain  whether  or  not  the  drains  are  working  properly  a  by-pass 
arrangement  is  often  "fitted.  This  arrangement  connects  the 
drains  to  the  bilges.     The  jackets  are  usually  trapped  to  the  hot 
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well  or  feed  tinks  but  can  be  drained  directly  to  the  bilges.  If 
all  the  drains  are  in  order,  open  slight!}'  the  throttle  valve  and  all 
valves  in  the  main  steam  pipe.  This  will  admit  a  little  steam  to 
the  high  pressure  steam  chest.  Steam  is  also  admitted  to  the 
jackets  to  assist  in  warming  the  cylinders. 

Now  open  the  by-pass  valves  a  little  to  admit  steam  to  the 
receivers.  The  steam  in  the  receivers  finds  its  way  into  the 
cylinders  and  helps  in  the  warming  up.  To  warm  both  ends  of 
the  cylinder  move  the  valve  gear  back  and  forth  slowly  from  full 
gear  ahead  to  full  gear  astern.  This  is  done  by  moving  the 
weight  shaft  by  means  of  the  worm  and  wheel.  The  throttle  may 
now  be  opened  a  little  wider,  enough  to  set  the  engine  in  motion. 
By  means  of  the  reversing  gear  the  cranks  can  be  made  to  move 
back  and  forth  without  making  a  complete  revolution. 

We  will  assume  that  the  engine  is  thoroughly  warm  and  (as 
the  drains  are  open)  free  from  water.  Steam  is  in  the  jackets, 
and  the  stailing-engine  and  starting-valves  ready.  The  centrif- 
ugal pump  is  at  work  circulating  water  through  the  condenser 
and  either  the  auxiliary  air-pump  or  an  independent  air-pump  is 
at  work. 

To  start  the  engines  run  the  links  into  full  gear  ahead  or 
asteni  and  open  the  throttle  valve.  In  case  the  engines  do  not 
start,  use  the  by-pass  or  auxiliury  starting  valves.  The  engines 
should  be  stiirted  slowly  and  the  speed  gradually  increased  by 
admitting  more  steam.  After  the  engines  have  made  about  200 
revolutions  the  drain  cocks  may  be  closed. 

Marine  engines  may  fail  to  stiirt  from  many  causes,  but  if 
projjcr  piecautions  are  observed  before  trying  to  start  there  should 
be  no  difliculty. 

Among  the  causes  which  are  not  apparent  from  the  exterior 
are : 

The  throttle  valve  spindle  may  be  broken. 

The  high  pressure  valve  (if  a  slide  valve)  may  be  off  its  seat 
and  admit  steam  to  botli  ends. 

The  engine  may  Ix^  g^'^gged ;  that  is,  the  throttle  will  supply 
steam  to  one  side  of  the  high  pressure  cylinder  and  the  by-pass 
valves  admit  steam  to  the  opposite  side  of  the  intermediate  or  low. 
In  this  case  the  engine  will  not  move,  as  the  pre-sures  are  equal. 
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ized.  In  using  the  by-pass  valves,  the  valve  or  valves  should  be 
used  which  will  produce  a  turning  moment  on  the  shaft.  Let  us 
suppose  that  both  the  high  and  low  pressure  valves  cover  the  ports, 
and  the  intermediate  slide  valve  is  in  such  a  position  that  steam 
can  enter  that  cylinder.  If  now  the  throttle  is  opened,  the  engine 
will  not  start  because  both  ports  are  closed.  If  the  by-pass  valves 
to  both  receivers  are  opened,  steam  will  be  admitted  to  the  proper 
side  of  the  intermediate  piston.  Also  the  steam  in  the  low  pres- 
sure receiver  will  find  its  way  through  the  exhaust  cavity  of  the 
low  pressure  slide  valve  to  the  other  side  of  the  intermediate 
cylinder.  The  result  will  be  that  the  engine  will  not  start  because 
the  high  and  low  are  not  available  for  starting  and  the  pressures  on 
the  intermediate  piston  will  balance.  In  this  case  steam  should  be 
admitted  to  the  intermediate  receiver  only.  If  steam  is  admitted 
to  the  low  pressure  receiver  only,  it  tends  to  force  the  intermediate 
valve  ofif  its  seat. 

The  opening  of  the  wrong  starting  valves  will  frequently 
produce  a  similar  situation. 

If  the  engine  has  become  gagged,  it  should  be  freed  from 
steam.  This  may  be  done  by  closing  the  throttle  and  moving  the 
link  to  the  opposite  extreme  position.  The  engine  can  then  be 
started  in  this  direction  and  then  be  quickly  reversed ;  or  it  may 
be  started  in  the  proper  direction  if  the  mistake  is  not  repeated. 

The  valve  stem  may  have  become  bioken  inside  the  chest 
or  the  valve  may  have  become  loose  on  tlie  stem. 

One  of  the  eccentrics  may  be  broken  or  slipped  on  the  shaft. 

Bearings  set  up  too  tightly  or  too  much  compression  on  the 
packing  in  stuffing  boxes  often  prevent  starting. 

The  propeller  may  be  fouled  by  a  rope  or  other  obstruction. 

The  turning  gear  may  not  be  disconnected;  that  is,  the  worm 
may  still  be  in  gear  with  the  worm  wheel. 

After  the  engine  hus  been  running  for  a  short  time,  the  fol- 
lowing adjustments  should  be  made : 

The  speed  of  the  feed  })nmps  to  maintain  the  proper  water 
level  in  the  boilers. 

The  supply  of  circulating  water  to  the  main  condenser.  The 
amount  of  circulating  water  should  be  such  that  the  temperature 
of  the  feed  will  be  from  90°  to  125°,  averaging  about  110°. 
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The  amount  of  circulating  water  around  the  main  bearings 
should  be  reduced  as  low  as  possible  to  relieve  the  work  of  the 
bilge  pumps. 

The  [)ressures  in  the  steam  jackets  and  the  valves  in  the 
drains  should  be  regulated. 

Lubrication  of  Bearing:s.  The  oil  cups  on  bearings  require 
special  attention.  The  caps  of  lubricators  should  be  kept  in 
place  on  the  oil  cups  to  prevent  dirt  and  water  from  entering. 
The  lubricators  should  be  examined  frequently  because  the  pipes 
and  passiiges  are  likely  to  become  clogged  with  dirt  or  the  worsteds 
may  work  downward  and  fill  up  the  oil  ways. 

Crank-pin  l>ea rings  are  lubricated  by  a  wiper  on  the  crank- 
pin  box  with  the  oil  cup  over  it.  Both  crank-pins  and  eccentrics 
are  frequently  oiled  by  a  centrifugal  lubricator  already  des(;ribed. 

Internal  Lubrication.  In  most  engines  the  steam  is  sufficient- 
ly wet  to  insure  internal  lubrication.  For  this  reason,  very  little 
oil  is  supplied  to  the  cylinders.  In  many  modern  engines  no 
lubricators  are  fitted.  In  case  they  are  fitted,  they  should  be  of 
the  sight-feed  type  as  explained  in  discussing  the  Steam  Engine. 
It  is  advantageous  not  to  use  oil  in  the  cylinder  as  it  is  then 
much  less  trouble  to  keep  the  lx)ilers  free  from  grease. 

Hot  Bearings.  There  are  many  causes  for  hot  bearings. 
The  most  common  cause  is  dirt.  To  prevent  the  accumulation  of 
dirt  in  the  bearings  the  engine  room  should  be  kept  clean  and  the 
oil  cups  and  pipes  kept  clean.  The  bearings  should  be  opened 
and  cleaned  whenever  convenient. 

Insufficient  and  improper  lubrication  will  almost  always 
cause  heating.  If  the  oil  enters  at  the  top  where  the  pressure  is 
greatest,  suitable  oil  ways  should  be  cut  to  allow  the  entmnee  of  the 
oil.     Another  method  is  to  lead  the  oil  to  a  point  of  low  pressure. 

Other  causes  are  improper  adjustment  or  alignment  and  de- 
ficient surface.  These  defects  lead  to  excessive  pressure  in  some 
parts  which  causes  heating. 

In  many  large,  modern  engines,  the  main  bearings  have  the 
castings  coied  out  so  that  water  ciiculates  through  the  bearing 
continuously  but  does  not  come  in  contact  with  the  rubbine  sui- 
faces.  In  the  caps  ihore  are  holes  to  allow  the  hand  to  feel  of 
the  l)earings  and  to  allow  air  to  circulate.     The  tempenitui-e  of 
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the  circulating  water  and  the  hand  test  indicate  the  condition  of 
the  bearing. 

In  case  a  l)earing  tends  to  become  too  waim  the  amount  of 
circulating  water  is  increased.  In  extreme  cases  of  heating,  the 
bearing  may  be  flooded  with  water,  thus  wjishing  out  all  of  the 
dirt  and  reducing  the  temperature.  If  this  water  douche  is  used, 
plenty  of  oil  should  be  supplied  and  the  bearing  given  careful 
attention. 

It  may  be  necessary  to  slack  back  the  nuts  on  the  caps  for  a 
short  time,  but  they  should  be  slacked  but  little  or  there  will  be 
pounding.  Sometimes  the  power  distribution  may  be  tem[)orarily 
altered,  that  is,  the  power  given  out  by  any  one  cylinder  may  be 
decreased,  and  the  power  given  out  by  the  otliera  increased  by 
running  the  link  in  or  out  and  adjusting  the  expansion  gear.  It 
may  even  be  necessaiy  to  reduce  the  speed  for  a  time,  but  this  is 
not  done  unless  necessary  as  it  causes  delay. 

If  the  Ijcaring  is  discovered  to  be  hot  the  water  service  should 
not  be  ap[)lied  as  the  sudden  cooling  may  cause  fracture.  In  this 
case  the  engine  should  be  slowed  down  or  stopped  and  tlie  bearing 
cooled  with  oil,  sulphur,  or  a  mixture  of  soft  soap,  water  and  oil. 

Bearings  that  are  lined  with  wliite  metal  should  receive 
special  attention  as  the  white  meUil  soon  becomes  plastic  and 
melts  at  about  400°F. 

The  water  douche  should  be  used  only  in  extreme  cases  and 
with  caution  l^cause  it  may  cause  fracture  and  is  likely  to  corrode 
and  destroy  the  bearings.  If  water  must  be  used,  the  parts  should 
be  cleaned  and  oiled  as  soon  as  tlie  engines  stop. 

Hot  Rods.  Pistou-iods  and  valve-rods  are  often  kept  lubri- 
cated l)y  means  of  a  large  brush  called  a  swab.  Frequently  in 
starting,  a  man  with  a  swab  is  stationed  to  keep  the  rods  cool.  If 
these  rods  become  warm  because  of  tight  glands,  they  may  be 
cooled  by  slacking  back  the  gland  and  applying  water  and  oil 
by  means  of  a  swab  or  syringe.  If  the  rod  is  hot  and  water 
apj)lied,  one  side  may  be  cooled  and  shoitened  ;  the  result  will  be 
a  l)ent  rod.  Instead  of  watei",  the  engines  should  l)e  eased  If 
the  rod  cannot  be  felt,  a  few  drops  of  oil  or  water  s^Tinged  on  the 
rod  will  show  whether  or  not  it  is  hot.  If  hot,  the  water  will  hiss 
or  the  oil  will  burn  and  cause  smoke. 
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As  with  bearings,  piston-rods  that  are  packed  with  metal 
packing  should  receive  careful  attention,  as  the  packing  may  run 
and  cut  the  rods.  The  principal  causes  for  hot  rods  are  ghmds 
too  tight  or  not  properly  packed,  piston-rod  not  in  line  and  insuffi- 
cient lubrication. 

Knocks.  Bearings  should  be  adjusted  while  the  engines  are 
running.  If  a  bearing  is  loose  it  will  knock  at  both  ends  of  the 
stroke.  Usually  knocks  can  be  located  by  the  sound  or  by  the 
feeling.  Knocking  in  the  cylinder  may  be  due  to  a  loose  or  broken 
piston  ring,  piston  loose  on  the  rod  or  a  nut  or  bolt  loose.  If 
knocking  occurs,  open  the  cylinder  and  jacket  drains,  to  be  sure  it 
is  not  due  to  an  accumulation  of  water.  If  the  noise  continues  at 
various  speeds  it  is  probably  due  to  looseness  of  the  piston  rings. 
If  this  is  the  case  the  ring  must  be  rescraped  and  fitted. 

Jackets.  The  pressures  in  the  jackets  should  be  maintained 
at  the  desired  amount.  The  jacket  drains  are  led  either  to  the 
condenser  or  to  the  feed  tank.  If  led  to  the  feed  tank  the  tem- 
perature of  the  feed  water  is  then  raised.  The  jackets  should  be 
well  drained,  as  water  causes  a  crackling  noise  at  each  stroke. 
The  remedy  is  to  open  the  drains  wide,  and  when  clear  of  water, 
legulate  the  drain  valves  by  increasing  the  opening. 

Bilges.  The  bilge  pumps  should  be  at  work  constantly  while 
the  vessel  is  steaming,  so  that  water  will  not  accumulate  in  the 
bilges  or  crank  pits.  The  crank  pits  should  not  be  in  communi- 
cation with  the  bilges,  or  the  oil  from  the  crank  pita  will  be  spread 
over  the  bilges.  If  the  stokehold  bilges  empty  into  the  engine 
room  bilges  the  bilge  water  should  be  strained,  on  account  of  the 
fine  coal  in  the  stokeholds.  Strainers  should  be  carefully  attended 
to,  as  fine  coal,  waste  and  articles  carelessly  left  in  the  bilges  are 
likely  to  choke  them.  It  is  considered  good  practice  to  pump 
from  wells  about  8  inches  deep,  formed  in  the  bilges  and  covered 
with  strainers. 

Linking  Up.  When  starting,  the  links  are  placed  in  full 
gear.  When  running  at  the  required  speed  the  engine  is  linked 
up  so  that  the  expansive  working  of  the  steam  may  be  utilized. 
The  best  position  of  the  links  for  a  given  speed  is  determined  by 
experience.  Trial  will  show  at  what  position  the  engine  will  run 
smoothly,  economically  and  without  too  much  noise.    The  throttle 


im 


MARINE     ENGINES. 


75 


valve  should  be  wide  open  so  that  steam  will  enter  the  high  pres- 
sure chest  at  nearly  boiler  pressure.  If  the  engine  is  running  at 
reduced  speed  it  is  a  good  plan  to  link  up  the  high  pressure  engine 
by  the  use  of  tlie  block  in  the  slot  of  the  arm  on  the  weigh  shaft. 
This  will  increase  the  total  ratio  of  expansion  but  will  not  reduce 
the  port  opening  of  the  inteimediate  and  low  pressure  cylinders. 
If  there  is  any  prol)ability  of  a  change  in  speed,  the  engineer  in 
charge  should  see  that  the  starting  engine  is  wanned  and  drained 
from  time  to  time  and  l)e  sure  tliat  it  is  ready  for  use.  Grunting 
of  the  slide  valves  is  sometimes 
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Fig.  46. 


stopped  by  running  the  links 
into  full  gear  for  a  short  time 
then  adjusting  them  in  a  slightly 
different  position. 

narking  off  Nuts.  In  order 
to  have  a  record  of  adjustments 
and  to  aid  in  adjusting  bearings 
the  following  marks  are  made. 
At  each  corner  of  the  hexagonal 
nut  near  the  face  that  beai-s  on 
the  washer,  a  number  is  stamped 

as  shown  in  Fig.  46.  The  washer  is  prevented  from  moving 
by  some  device.  A  part  of  the  circumfei-ence  of  the  washer 
is  marked  off  in  say  10  divisions  about  one-half  inch  apart 
These  divisions  are  then  sub-divided  and  numbered.  It  is  then 
easy  to  record  the  j^osition  of  the  nut  by  noting  what  number  on 
the  washer  coincides  with  the  corner  of  the  nut.  Thus,  1  on  1  ^ 
or  2  on  8i. 

Refitting  Bearings.  To  find  out  whether  or  not  a  bearing 
needs  refitting  and  to  a^scertain  the  amount  of  play,  a  lead  is 
taken.  The  cap  is  first  removed  and  a  piece  of  lead  wire  is  laid 
along  the  journal  parallel  to  the  axis.  Some  engineers  place  two 
pieces  around  the  jouinals  near  the  ends  and  othei-s  place  them 
diagonally.  The  cap  is  then  replaced  and  screwed  down  hard  on 
the  liners.  The  cap  is  again  removed  and  the  leads  taken  out 
and  examined.  They  should  l)e  flattened  uniformlv.  The  thick- 
ness  shows  the  clearance.  If  the  marks  on  the  nuts  at  which  the 
leads  were  taken  are  noted  they  may  Ije  compared  Avith  the  marks 
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ami  leads  taken  sometime  afterward  and  the  location  and  extent 
of  wear  known. 

If  the  leads  show  that  the  bearing  needs  refitting,  the  eajw 
are  first  removed  and  the  journal,  caps  and  oil  ways  cleaned.  The 
journal  is  then  carefully  calipered  and  if  found  oval,  cut  or  rough, 
should  be  filed  all  over  until  smooth  and  true.  This  process 
requires  considerable  care  and  skill  for  the  new  surface  must  be 
concentric  with  the  axLs.  The  filed  surfaces  are  smoothed  by 
an  oil  stone  or  emer}-.  If  emery  is  used,  care  must  be  taken  to 
clean  all  surfaces. 

After  the  journals  are  in  proper  condition  the  brasses,  if  used, 
are  fitted  by  filing  and  scraping.  A  little  red  lead  smeared  on  the 
journal  will  assist  in  the  fitting.  The  brasses  should  be  eased 
away  at  the  sides  as  tiie  metal  at  those  points  is  of  no  assistmce 
but  increases  the  friction. 

If  the  bearings  are  lined  with  white  metal  they  must  be 
relined  when  the  white  metal  is  worn  through.  To  do  this  a 
mandrel  of  the  same  size  as  the  journal  is  placed  in  position  in  the 
bearing  and  the  molten  metal  poured  in  or  the  strips  of  white 
metal  are  hammered  into  the  recesses.  The  metal  stands  clear 
of  the  brass  about  ^  inch  when  finished. 

STOPPING. 

When  near  port  the  fires  should  be  burned  light  so  that  there 
will  be  no  ditliculty  in  keeping  the  steam  pressure  down.  If  the 
pressure  rises  when  the  engines  are  slowed  down  there  may  be  an 
unnecessary  waste  of  fresh  water  on  account  of  the  blowincr  of  the 
safety  valve;  the  loss  of  fuel  will  also  be  considerable. 

Before  entering  port  have  all  ashes  dumped,  overboard  and 
pump  out  all  the  water  possible  from  the  bilges.  The  rev(*i*sing 
and  capstan  engines  should  he  warmed  ready  for  use.  When  the 
entrines  are  slowed  down,  the  water  service  should  be  shut  off  and 
the  oil  supply  increased  to  prevent  rusting  of  the  bearings  while 
in  port.  The  pressures  in  the  receivers  and  jackets  should  l)e 
watched  as  they  have  a  tendency  to  rise  when  the  engines  slow 
down. 

When   the  engines  are  done  with,  the  valves  in  the   main 
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steam  pipe  and  the  jacket  valves  should  be  closed  but  not  too 
suddenly ;  the  steam  should  then  be  allowed  to  escape  from  the 
pipe  or  used  up  by  the  reversing  or  other  auxiliary  engine.  All 
drains  and  receiver  relief  valves  should  then  be  opened  and  steam 
shut  off  from  the  steering  and  reversing  engines. 

The  hand  turning  gear  may  be  put  in  gear  as  soon  as  tliere 
is  no  steam  left  in  the  engine  room  main  steam  pipe.  The  engines 
should  now  be  cleaned  while  warm  by  wiping  down  the  rods  and 
shafting  with  cotton  waste  and  oiling  the  bright  parts  to  prevent 
rusting. 

In  case  the  engines  are  stopped  suddenly,  notice  should 
be  immediately  given  in  the  fire  room  so  that  the  draft  may  be 
checked  and  the  evaporation  reduced.  If  the  water  level  is  low, 
water  should  be  pumped  into  the  boilers.  Every  precaution  should 
be  taken  to  prevent  an  over-supply  of  steam  but  if  it  is  impossible 
to  prevent  the  rise  of  pressure  the  excess  of  steam  may  be  used  in 
the  evaporatoi's,  distillei*s,  etc.,  and  in  pumping  out  bilges  and 
crank  pits.  The  engines  should  be  kept  warm  and  well  drained 
so  as  not  to  cause  delay  in  starting.  If  the  air-pump  is  worked 
by  an  independent  engine,  it  should  be  kept  working  for  a  time 
so  that  the  condenser  will  not  be  flooded  with  water  and  injure 
the  air-pump.  If  the  air-pump  is  worked  from  the  main  engine, 
it  will  of  course  stop  as  soon  as  the  engines  stop ;  in  this  case  put 
on  a  feed-pump  to  keep  the  condenser  free  from  water.  The 
circulating  engines  may  be  stopped  soon  after  the  engines  stop. 

As  in  the  case  of  entering  harboi',  watch  receiver  and  jacket 
pressures  and  stop  the  supply  of  water  to  bearings,  etc.  If  there 
is  any  chance  of  starting  again  soon,  keep  the  reversing  engine 
warm  and  well  drained. 

If  the  stay  in  port  is  to  l)e  long,  the  main  condensers  and  air- 
pumps  should  be  well  drained  and  several  of  the  boi lei's  may  be 
cleaned  and  repaired  if  necessary.  The  lires  should  be  allowed  to 
burn  them:;elves  out  grcadually.  If  the  stop  is  for  a  short  time, 
the  fires  should  be  banked. 

EnERGENCIES. 

What    to   do   in    emergencies    depends    upon   the    arrange- 
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muiit  of  tlio  niacliiuery.  The  kiii<l  of  engine,  number  of  engines 
nnd  arrangement  and  cajxicities  of  the  condensers  and  auxiliarj 
niaehiiiery  often  determine  whatcoui'se  to  pursue  in  case  any  part 
breaks  i»r  gats  out  of  iH)siti<m. 

Cylinder  Head  Broken.  If  a  cylinder  head  breaks  it  should 
be  repaired  if  proper  means  are  at  hand.  If  it  cannot  be  repaii^d, 
the  steam  [H)rt  which  admits  steam  to  that  end  may  be  blocked  up 
l>v  driving  in  plugs  <>f  soft  pine  and  the  engine  nm  single  acting. 
This  is  eomparaiively  simpU*  if  the  valve  is  a  plain  slide  but  with 
a  j)iston  valve  the  many  i>orts  make  it  more  diflicult.  If  a  cylinder 
head  of  a  triple  expansion  engine  breaks,  and  one  engine  must  run 
siuLjle  acting,  tlie  expansi(»n  gear  should  l)e  arranged  so  that  the 
work  will  be  pro2)erly  divided. 

Fracture  in  the  Crank  Shaft.  What  to  do  in  tliis  case 
depends  upon  many  conditions.  If  the  engine  is  of  the  multi- 
cylinder  type,  and  tlic  crank  shaft  is  made  in  interchangeable 
lengths,  lit  tlie  spare  h*iitj^ih  in  i)laco  of  the  disabled  one.  In  case 
no  spare  lent^^li  is  carried  and  llie  crank  sliaft  of  the  low  pressure 
engine  is  damaged  slightly,  change  the  low  pi-essure  length  to  the 
high  pressure  entwine  and  place  the  high  pressure  length  in  place 
of  tlie  low.  The  low  pressure  length  tninsmits  the  most  power. 
If  the  damage  is  considerable,  such  as  the  breaking  of  the  crank- 
pin,  tin*  length  ciinnot  be  use<l  and  the  high  pressni-e  engine  must 
l)e  disconnected.  If  tin*  pumps  are  worked  from  the  high  pi^essnre 
crossliead,  repair  the  bioken  shaft,  i)lace  it  in  the  high  pressure 
engine  and  l»lock  up  the  sleam  ports  to  the  high  pressure  cylinder. 
Tin*  powi-r  is  then  d(»vel(»ped  in  the  internuHliate  and  low  pressure 
cylindeis  ;  tlie  amount  of  power  transmitted  to  the  high  pressure 
crank  shatl  being  jii.st  sullicieut  to  v.'ork  the  j)nni2)s.  Probably  it 
will  be  neeesMirv  to  run  the  enirines  slowlv  because  of  the  weak 
shaft. 

Piston  Broken.  If  the  piston,  piston-rod  or  valve  stem 
b«'C(»nie>  broken  and  caiinot  be  repaired,  the  damaged  engine  miLst 
be  disconnected  and  the  power  furnislunl  by  the  othei*s. 

Air-Pump  Broken.  In  case  tlu*  air-pump  breaks  and  cannot 
l>t»  repaire<l  tlie  exhaust  may  he  carried  to  the  deck  and  the 
engines  run  non-ccmdensing.  'J'his  is  a  great  disadvantage  if  the 
aniount  of  fresh  water  carried  is  slight  and  the  ship  is  fai*  from 
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port.  In  case  no  sepanito  exhaust  is  possible,  the  auxiliary  air- 
pumps  may  be  connected  and  the  ship  proceed.  In  most  cases, 
however,  the  auxiliaiy  air-pumps  are  not  of  sufficient  capacity  to 
remove  all  of  the  condensed  exhaust  steam  and  the  air;  therefore 
no  vacuum  will  be  carried  but  the  condensation  may  be  returned 
to  the  boilers. 

Bent  Piston-Rod.  In  the  case  of  a  small  rod  and  a  long 
Blight  bend,  the  rod  may  be  straightened  by  placing  it  in  a  lathe 
and  applying  a  powerful  lever.  A  large  rod  or  one  with  a  quick 
bend,  should  be  heated  to  a  dull  red  in  a  wood  fire.  The  rod  is 
then  placed  in  a  large  lathe  and  straightened  by  a  hydraulic  jack. 
In  doing  this  work  care  must  be  taken  that  the  rod  is  not  heated 
too  hot,  does  not  scale  and  the  points  of  contact  are  protected  by 
copper  plates. 

Eccentric  Broken.  If  the  go-ahead  eccentric  or  eccentric  rod 
breaks  and  cannot  be  repaired,  the  go-astern  eccentric  can  be 
shifted  in  its  place.  The  engine  will  now  run  ahead  but  cannot 
be  reversed.  The  go-astern  end  of  the  links  must  be  kept  fi*om 
dropping  by  some  flexible  support  such  as  a  rope  or  chain. 

Another  method  is  to  disconnect  the  connecting-rod  from  the 
crank-pin  and  crosshead  of  the  disabled  engine,  and  block  up  the 
steam  ports  so  that  the  steam  will  flow  to  the  other  cylinders 
by  the  shortest  passage.  The  piston  should  be  secured  on  the 
bottom  of  the  cylinder.  The  valve  should  be  removed.  After 
removing  the  broken  valve  gear  the  engine  is  ready  to  start.  This 
method  may  be  used  if  the  pumps  are  worked  from  the  low  pres- 
wre  crosshead  and  the  low  pressure  engine  is  intact.  If,  how- 
ever, the  high  pressure  eccentric  is  broken  and  the  pumps  are 
vorked  from  that  crosshead  the  same  method  may  be  pursued  as 
facribed  for  a  fractured  ci-ank  shaft.  That  is,  the  valve  gear 
dioald  be  removed,  the  ports  blocked  and  the  piston,  the  piston- 
lod,  crosshead  and  connecting-rod  left  in  place.  The  moving 
juts  of  the  high  pressure  engine  will  tlien  work  the  pumps  by 
ftetns  of  tlie  power  transmitted  to  the  high  pressure  crank.  The 
^ne  must  be  run  slowly  but  can  be  revereed. 
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Although  elementary  in  character,  this  book  is  complete  enough 
to  enable  the  student  to  solve  the  ordinary  problems  of  naviga- 
tion. It  is,  therefore,  essential  that  the  student,  if  he  wishes  a 
mate's  or  a  master's  paper,  thoroughly  understand  the  contents. 
Ab  the  student  has  already  studied  arithmetic,  geometry  and 
trigonometry,  these  subjects  will  not  be  repeated  except  in  a  few 
cases.  This  is  not  a  book  on  seamanship,  but  is  intended  for  sea- 
men who  know  little  of  the  subject  of  navigation.  Ignoi*ance  of 
navigation  often  blocks  the  way  to  a  position  of  command. 

As  most  navigators  have  at  hand  several  reference  books, 
such  as  "American  Practical  Navigator"  by  Bowditch  and 
*' Wrinkles  in  Practical  Navigation"  by  Lecky,  these  books  have 
been  referred  to  for  tables,  etc. 


DEFINITIONS. 

A  sphere  is  a  solid  body,  every  part  of  whose  surface  is  equi- 
distant from  a  fixed  point  within,  called  the  center. 

A  diameter  of  a  sphere  is  any  straight  line  passing  through 
the  center  and  extending  in  both  directions  to  the  surface. 

A  great  circle  is  any  circle  whose  plane  passes  tlirough  the 
center  of  the  sphere.  The  center  of  the  sphere  is  the  common 
center  of  all  great  circles. 

The  shortest  distance  between  any  two  points  on  a  sphere  is 
the  arc  of  a  great  circle  passing  through  those  points. 

A  small  circle  is  any  circle  whose  plane  does  not  pass  through 
the  center  of  the  sphere. 

A  spherical  angle  is  the  angle  or  inclination  of  two  great 
circles  of  a  sphere  which  meet  one  another. 

A  spherical  triangle  is  the  geometrical  figure  formed  on  the 
surface  of  a  sphere  by  the  intersections  of  arcs  of  three  great 
circles. 

The   earthy   generally   speaking,    is   a   sphere,  and   revolves 
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about  one  of  its  diameters,  called  the  axis,  once  in  everj-  twenty- 
four  hours.  The  extremities  of  this  axis  are  called  poles,  one  the 
Dortli  and  the  other  the  south  pole ;  in  Fig.  1  N  S  is  t!ie  earth's 
axis,  N  being  the  north  and  S  the  south  pole. 

Hquator.  This  is  an  iim^inaiy  great  circle  dividing  the  sur- 
face of  the  earth  into  two  parts,  called  hemispheres,  the  north  and 
eouth.  The  equator,  which  is  also  commonly  called  the  "  Line," 
is  represented  in  Fig.  1  hy  Q  T, 


Meridians.  These  arc,  gieat  cimlca  on  the  eartli's  surface 
drawn  through  both  poles  and  at  right  angles  to  the  equator. 
Th(;y  are  called  meridians  because  they  mark  the  places  wiiich 
have  noon  at  tlie  same  time.  For  instiince,  N  Q  S  of  Fig,  1  is  a 
meridian,  also  N  U  S,  and  tlie  rithf^r  curves  drawn  through  N  and 
S.  All  places  oil  N  RS  liave  noon  at  the  same  time.  Any  two 
places  which  lie  exactly  north  or  south  of  each  other  are  said 
to  be  on  the  same  meridian.  One  particular  meridian,  the  one 
passing  through  the  observatory  at  Greenwich,  England,  is  taken 
^Y  the  English  and  American  nations  to  be  the  first,  or  prime, 
ridian. 
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Longitude.  The  longitude  of  a  place  is  the  distance  of  its 
meridian,  or  the  meridian  passing  through  it  from  the  prime  merid- 
ian; this 'distance  is  measured  on  the  equator  in  degrees,  minutes 
and  seconds.  Another  definition  is  :  longitude  is  the  angle  at  the 
pole  between  the  two  aforesaid  meridians.  In  Fig.  1  let  Y  be  a 
place  on  the  meridian  N  R  S,  and  let  N  G  S  be  the  2)rime,  or  Green- 
wich, meridian ;  then  G  R  is  the  longitude  of  Y  and  is  west  of  the 
prime  meridian.  All  places  lying  between  the  prime  meridian 
and  the  180°  meridian  in  a  westerly  direction  from  the  prime 
meridian  are  in  west  longitude,  and  in  east  longitude  when  lying 
between  the  same  meridians  in  an  easterly  direction  from  Green- 
wich. The  180°  meridian  is  just  halfway  around  the  world  from 
the  Greenwich  meridian. 

ParaUeh.  Parallels  of  latitude  are  small  circles  parallel  to 
the  equator,  as  A  R,  C  I),  etc.  (Fig.  1).  All  places  on  parallel 
A  B,  for  instance,  are  exactly  true  east  and  west  of  each  other. 

Latitude.  This  is  the  name  given  to  the  distance  of  a  place 
north  or  south  of  tlie  equator,  expressed  in  degrees,  minutes  and 
seconds  measured  on  a  meridian.  In  Fig.  1,  Y  is  on  the  parallel 
C  D,  and  its  latitude,  expressed  in  degrees,  minutes  and  seconds,  is 
the  arc  R  Y  of  the  meridian  N  R  S.  We  can  now  see  how  latitude 
and  longitude  determine  the  position  of  any  ship  or  other  object 
cui  the  surface  of  the  earth,  for  h)ngitude  fixes  its  distance  east  or 
west  of  Greenwich  and  latitude  its  distance  north  or  south  of  the 
equator.  The  equator,  meridians  and  parallels  of  latitude  are  of 
course  purely  imaginary  lines  and  are  used  simply  as  a  means  of 
locating  position. 

The  Difference  of  Lonfjltude  between  two  positions  is  the  dis- 
tance measured  on  the  e<juator  between  their  meridians. 

The  iJifference  of  Latitude  is  the  distance  between  the  two 
parallels  of  latitude  on  wliich  the  two  positions  are  situated  meas- 
ured on  a  meridian.  The  difftnence  of  longitude  between  Y'  and 
Y  (Fig.  1)  is  G  R,  the  difference  of  latitude  is  B  1),  A  C,  or  the 
distance  between  the  [r.irallels  A  H  and  C  1)  measured  on  any 
meridian. 

Departure  is  the  distance  in  nautical  miles  made  by  a  ship 
due  east  or  west,  accoidiiiLC  ns  it  is  sailing''  toward  the  east  or  the 
west,  and  is  conunoniy  called  ^*  easting  ''  or  "•  westing/'     Easting 
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or  westing  is  expressed  in  nautical  miles^  and  is  unlike  longitude 
in  this  respect.  It  might  seem  at  first  sight  that  dejiarture  and 
longitude  wei-e  one  and  the  same  thing,  but  as  already  stated, 
longitude  is  expressed  in  degrees,  etc.,  while  departure  is  expressed 
in  nautical  miles.  The  diflferencc  is  this :  the  distance  of  length  of 
a  degree  of  longitude  grows  less  as  we  go  north  or  south  from  the 
equator,  while  the  distance  of  a  nautical  mile  is  the  same  every- 
where. The  <listiince  of  one  nautical  mile  on  the  equator  is  equal 
to  ont»  minute  of  longitude  ;  north  or  south  of  the  equator  the  dis- 
tance of  on(»  mile  is  greater  than  one  minute  of  longitude.  It  will 
therefore  be  plain  that  theoretically  it  is  better  to  make  easting  or 
westing  in  as  high  latitudes  as  possible,  for  the  higher  the  latitude 
the  shorter  the  <listance  necessary  to  sail  in  order  to  change  the 
same  distance  of  longitude. 

The  course  steered  is  the 
angle  between  the  meridian 
and  the  ship's  head.  The 
course  made  good  is  the  angle 
between  the  meridian  and  the 
real  track  of  the  ship. 

In  Fig.  2  let  N  S  be  a 
true  north  and  south  line,  or 
meridian,  and  W  E  an  east 
and  west  line,  or  panillel. 
Now  let  ()  A  be  the  direction 
along  which  the  ship  sails  in 
going  from  ()  to  A ;  then 
O  A  is  thr  distance  sailed,  O  H  the  difference  of  latitude,  B  A  the 
dc})arture,  and  tin*  angle  I>  <)  A  the  coui*se ;  similarly,  ()  C  is  the 
distance  saili^l,  I)  ()  the  difference  of  latitude,  C  D  departure,  and 
])  O  (^  the  course. 

XdHfind  Milrs,  or  Knntn,  A  great  circle  of  the  eaith  is 
di\  i(U*(l  into  M^)  degrees,  each  degree  into  GO  minutes,  and  each 
minute  into  00  seconds.  E^ach  minute  is  6,080  feet  (nearly)  in 
l(*nglh,  (»r  one  nautical  mile,  the  statute  mile  l)eing  only  5,280  feet. 
Iilniynl>  Line,  This  is  the  line  on  which  the  shi[>  sails  as 
lont^  as  her  course  is  not  altered:  it  forms  a  curve  upon  the  earth's 
surface  which  meets  every  meridian  at  the  same  angle.     It  coin- 
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cides  with  a  meridian  when  sailing  true  north  or  south,  and  with 
a  parallel  when  sailing  true  east  or  west.  Tlie  angle  between  the 
rhumb  line  and  the  meridian  \s  the  course. 

THE  COnPASS. 

Before  taking  np  the  actual  problem  of  navigating  the  ship 
we  must  consider  the  compass  and  its  nehavior,  tt^ther  with  it« 
corrections.  A  sliort  description  of  this  most  important  navigat- 
ing instrument  will  be  sulHcient;  its  action  und  errora,  however, 


will  l)e  explained  at  grejiter  leiigtli.  The  mariner's  com])asH  con- 
sists of  a  circnlar  brass  can]  C  (Fig-  3),(:overwl  witli  white  enamel, 
on  which  are  markerl  the  jioiiits  and  di'grees  as  shown.  The  figure 
shufvs  marks  at  10  <h-grees,  but  a  regular  comjiiiss  has  the  one  de- 
grt«  marks  iw  well.  Tlie  sinallcr  comiMisses  often  do  not  have 
degree  marks,  but  siinpl}'  tin?  points,  ]{  repi-esents  the  edge  of  the 
compass  I)owI,  which  swings  in  giiiibiils  and  is  carried  in  a  binna- 
cle.    A  is  a  spheroidal  air  vessel,  N  are  the  Vmndles  of  magnetic 
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Tl'.*  c:r-:-iil.i.-  car>i  U  i:>;  iea  iuvi  oe^r*^*  an-l  points  to  rep- 
reser.:  •rven-  'iiSerer.:  p-ic:  of  tr.^  h"rini'-  Ev^ry  oincle  being 
•Ih-i'l^i  i:.:.>  :>;■>  Utr^rte*.  ;ir.vi  there  i»:-i:i^  olJ  ;»oiais  l.i  the  oom- 
Tji-;*  t-.tnt.  ;':,e  .sri/.e  l^iw^^a  ;iie  si:;->  iv>i::ts  "il".  W  ^.t  of  360'. 
or  11'-  15'.  T:.^  :o:r.ts  oi  :r;^  0'-:!!i>aiS  are  a-  Ivillows.  commenc- 
r.e  ii-.n:.  p  in:  .-iTui  e-'in^  iMuiui  riirli:  ktn.leii  : 
bjE.  NNE,  NEbjN.         NE.  NEbjE.         ENE.        EbyN, 

byS.  E3E.  SEbyE.  SE,  SEbyS.         5SE,        S  by  E, 

by  W,        5SM.  SW  by  S.  SW.         SW  by  W.       WSW,      W  byS, 

fbyN.        WSW.         NVWiyW.         NW,  NWbyN.         NNW.      N  byW. 

lohi-'in:  i-  firtii-r  liivMi-.!  ;m-"]u;irter  junnts;  for  ins(ance. 
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tiW  are  4  point  courses.     It  will  be  ueeii  at  a  glance  that  the 
Dotation  is  not  difficult. 

Namimj  the  Coarse.  As  already  stated,  the  course  is  the 
angle  reckoned  from  the  N  or  S  towards  E  or  W;  for  instance,  if 
a  ship  is  steering  by  compass  N  by  E,  the  courae  is  a  one-point 
course,  and  is  one-point  to  the  light  of  N.  E  by  S  is  not  a  nine- 
point  course,  but  a  seven-point  course,  seven  points  to  the  left  of  S. 


E  and  W  are  eight-point  courses,  in  reality,  although  never  t^poken 
tut  as  such. 

On  tho  inside  of  tin'  conip;i.ss  liowl  is  a  vertiwil  bLick  lini^  in 
the  direction  of  the  ship's  bow;  this  line,  called  tho  liihlier  line, 
shows  th(^  heUiLsmiiii  tlio  direction  of  the  shiji's  hi-iid.  If,  for  ex- 
ample, he  is  told  to  steer  SSH,  ho  jjuts  the  helm  over  soiut  to  bring 
the  lubber  line  opposite  SSH  on  tlio  compass  cai-d. 
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is  always  marked  on  charts,  because  the  variation  is  different  for 
^:3ifferent  places,  being  E  at  some  and  \V  at  others.     By  westerly 
^^ariation  we  mean  that  the  north  point  of  the  needle  is  pulled 
^o  the  left  of   the  true  north,  and  easterly  when  pulled  to  the 
Tight.      Suppose   we  are  at  a  place  where   the  variation  is  22° 
30'  W  and  that  the  ship's  head  is  pointing  true  north,  the  north 
point  of  the  compass  will  be  drawn,  owing  to  t'**e  variation  22° 
30',  or  2  points,  to  the  left  of  the  true  north,  and  would  thus  indi- 
cate that  the  ship  was  headed  NNE.     We  know,  however,  that 
she  is  headed  true  north,  hence  to  correct  for  variation   we  have 
the  following  rule:    When  the  variation  itt  loeaterly  the  true  course 
19  equal  to  as  many  points  to  the  left  of  the  compass  course  as  the 
variation^  and  when  easterly  the  correction  is  applied  to  the  right ; 
looking  in  each  case  from  the  center  of  the  card  toward  the  point  to 
he  corrected. 

The  following  examples  should  be  carefully  studied,  as  this 
is  a  matter  of  importance  : 

p]x.  1.  Compass  coui-se  S  |  W,  variation  2]  points  E.  True 
course  2|  points  to  the  right  of  S  |  W  or  SW  by  S. 

Six.  2.  Course  by  compass  N  by  E,  variation  2  points  W. 
True  course  is  2  points  to  the  left  of  N  l)y  E  or  N  by  W. 

Ex.  3.  Course  or  bearing  X  84°  E,  variation  19°  W.  True 
bearing  N  65°  E. 

Now  if  we  have  the  true  coui'se  and  wish  to  find  the  compass 
course  we  apply  the  variation  in  the  opposite  way.  Suppose  we 
wish  to  steer  a  sliip  so  as  to  reach  a  certain  place  which  lies  SW 
true  from  our  starting-point,  the  variation  being  2  points  E,  there- 
fore we  cannot  steer  by  compass  SW,  but  must  steer  by  compass 
SSW,  which  is  in  this  case  the  compass  course.  Practice  in  cor- 
recting courses  is  essential,  and  the  student  should  keep  at  it  until 
he  thoroughly  understands  the  process. 

Deviation,  The  iron  in  the  hull  of  a  ship,  the  cargo  in  the 
hold,  tanks,  etc.,  and  the  sab[)ermanent  magnetism  received  while 
the  vessel  is  being  built,  affect  the  compass.  These  elements 
cause  an  error  called  deviation.  Wliatever  error  arises  from  ob- 
jects within  a  ship  is  calle<l  deviation  ;  whatever  by  objects  out- 
side the  ship  Ls  called  local  attraction.  Closely  connected  with 
locid  attraction  and  deviation,  we  have  what  is  known  as  perma- 
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n^^nt  and  sn^r^nzan-rnt  magnerl^T..  AZ  n^ijimets  have  the  power 
of  imparrlni:  :a  ig'.TtL^si  to  •;»er:.i:2.  orhrr  >  ;l*<tances*  when  brought 
withia  th^ir  : ad  i-r :.■>?-  "^^rt  ir^Ti  in  inr  :  r:n  :s  m'>it  susceptible 
to  this  p  iWrr  :  ai*-!  thr  rartli  r.*rLr^  i  ^rrr.w  magnet  induces,  as  it 
Ls  called,  Li.i2ri.^n:?n*  ir*  ^suv  ir  :.  K-:v  'v::..:  in  the  direction  of  its 
line  *•'  masTietii:  !•  r.*  '  r  :Iv-  r:-.ij:.v::o  cirndian.  If  the  iron 
iKidy  1^  kept  f.-r  u  lo:  .:  tin:-:  in  --r-e  j*»si::i  n,  and  especially  it  it 
\ie  subjected  to  L«im::>r:r.^,  ihv  ni.-.jr.eii^m  ir  is  receiving  from  the 
earth  l^^omes  of  a  la^:::.;^-  vh.tr-.oier,  and  remains,  to  a  certiiin 
ext*-nt,  after  th«^  bo^iy  is  rem-  veJ  ;  as  tlie  |Wes  of  magnets  induce 
magnetism  of  an  o:.pr«<::e  niime  in  s*»ft  ir»'n  b^idies  under  its  influ- 
ence, the  part  of  the  iron  lody  which  is  pointtrd  toTrard  the  north 
magnetic  pole  of  the  earth  will  r^.-^eive  red  magnetism  and  the 
op|Ki«ite  j»art  hlur  ni.tgTi»:'ti>!ii.  It  will  now  l>e  underst«K)d  why  the 
clirection  of  a  >lii|''s  Lead  during  building,  and  the  hammering  to 
which  she  is  .>iil>j^^tt-d.  cause  a  ship  to  acquire  a  large  amoimt  of 
induced  magnetism,  and  this  once  hammered  in,  though  it  will  be 
diminished  by  cliangr  of  {M)sitic»n,  kmxking  about  by  waves,  etc., 
will  never,  while  the  iron  remains  in  the  form  of  the  sliip.  be 
entirely  eradicated.  Tiiis  is  >ubj>ermanent  magnetism,  so  called. 
Therefore  we  see  that  iinotber  disturbins:  element  is  at  work  to 
change  the  directio:i  of  the  c«jmpa>>i  n^^etlle  c^r  to  prcnluce  error;  this 
elenicnt  U-ing,  as  stated,  ir«'n  used  in  the  shi[»'s  construction,  her 
equipment,  or  rairied  a>  cargo.  These  disturbing  forces,  perma- 
nent anrl  siibjiermaneiit  magnetism,  have  been  named  (according 
t(t  the  ellV-cts  tliey  produce  on  the  compass  needle)  semicircular 
and  quadrtinf'il  (h'r/tif/'oti. 

Scmidrciil'tr  drri,itinji  is  caused  by  subi>ermanent  magnetism 
and  induced  magnetism  in  vertical  iron,  such  as  masts  funnels, 
etc.  Its  greatest  effects  arc  procluccd  when  the  ship's  head  is  on 
the  cardinal  p«»ints ;  it  is  called  semicircular  because  it  produces 
ejisterly  deviation  in  one  semicircle  and  westerly  in  tlie  other. 

Qimdraiii'il  dfriafifu  is  caused  by  the  induced  m:gne.jsm  in 
horizf)ntal  iron;  it  produces  easterly  deviation  in  one  quadrjuit, 
westculy  in  tin;  next,  an<l  so  on.  To  sum  u[),  vertical  iron  is  semi- 
circular in  action,  li<)ri/.i>nt;il  iiou  is  <iuadrantal  in  its  action. 

'^riie  liirHnti  of  the  slii[)  altei*s  the  deviation  by  changing 
vertical  and  horizontal  iron  to  inclined.      It  might  seem  that  this 


199 


Navigation.  13 


0 


B 


was  of  little  consequence ;  but  sii(*h  is  not  the  case,  and  an  intelli- 
gent navigator  should  understand  tliis  heeling  error  cletirly,  and 
allow  for  it.  The  effect  of  heeling  error  increases  as  the  distance 
from  the  magnetic  ecjuator  increases,  at  which  place  it  is  nothing. 
The  following  should  be  taken  account  of :  In  the  northern  lati- 
tudes on  northerly  courses  heeling  ern)r  may  be  expected  to  place 
the  ship  to  windward  and  on  southerly  courses  to  leeward  of  her 
supposed  position. 

Leeway.     The  action  of  the  Avind,  the  trend  of  the  sea,  etc., 
tend  to  drive  a  ship  to  leeward,  so   that 
she  does  not  move  exactly  in  the  direction 
toward  which  she  is  heading,  but  is  driven        ^A^ 
out  of  her  course  somewhat.     This  amount  \ 

is  called  leeway,  and  may  be  defined  as  \ 

the  angle  between  the  course  which  she  \ 

is  actually  going  and  that  which  she  is  ^^ 

trying  to   go.       The    estimation    of     the  ^ 

amount  of  leeway  is  one  of  the  tricks  of  x  i 

the  mariner's  trade,  so  to  speak;  it  may  Wa    . 

be  judged  by  looking  at  the  wake.  i  \ 

Referring  to    P'ig.   6,    let  a   ship    be  pj     ^ 

headed  or  steering  as  indicated  by  dotted 

line  A  B,  but  owint^^  to  the  wind  the  ship  actually  goes  in  the 
direction  A  V  ;  the  aui^le  C  A  B  being  the  leeway. 

In  correcting  foi*  Iccwaif  when  on  the  xfarhoard  tack  it  must 
be  allowed  to  the  left,  the  same  as  westerly  variation,  etc. ;  on  the 
port  tack  it  must  be  reckoned  to  the  right,  the  same  as  easterly 
variation. 

CORRECTION  OF  COURSES. 

From  the  foregoing  discussion  we  know  that  the  compass 
does  not  show  the  direction  in  whi(!h  the  ship  is  truly  headed. 
It  is  plain  that  the  navigator,  knowing  what  course  he  h;us  been 
steering  by  compass,  must,  in  order  to  locate,  the  ship's  position 
accurately,  find  out  tlie  course  lie  hius  actually  made.  Conversely, 
knowing  the  true  course  he  nuist  take  in  order  to  reach  a  certain 
place,  he  must  know  what  the  compass  course  shall  be  in  order  to 
make  the  place  in  question.  This  will  be  illustrated  by  an  exam- 
ple, after  stating  the  rules  for  correcting  coui-ses.     It  is  of  such 
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importJince  that  the  student  should  study  it  carefully  so  as  to 
leave  no  dou])t  in  his  mind  as  to  how  to  correct  courses. 

To  find  true  course  from  eompaas  course.  Put  down  your 
compass  course,  calling  it  so  many  points  or  degrees,  then  allow 
easterly  variation  to  the  right  and  westerly  to  the  left ;  allow  for 
deviation  in  the  same  way ;  leeway  on  the  stirhoanl  tack  is  the 
same  as  westerly  variation,  hence  is  allowed  to  the  left  or  away 
from  the  wind,  and  on  the  port  tack  the  same  as  easterly 
variation. 

Eveiy  master  should  know  how  to  find  the  deviations  of  his 
compass.  Now  for  a  practical  example  of  the  use  of  the  above- 
stated  rules  for  corre(!tin<r  courses:  Obtain  a  facsimile  of  a 
recrular  U.  S.  eliart  of  a  portion  of  the  Atlantic  coast,  which  is 
adapted  from  Athintic  coast  chart  No.  1,000,  from  Cape  Sable  to 
Hattenis.  Let  A  B  C  I)  E  F",  etc.,  be  the  track  of  a  vessel  bound 
into  Br>8ton ;  it  will  be  assumed  that  from  A  to  F  the  wind  has 
held  N,  \  E,  alx)ut  a  sij-knot  breeze,  and  that  about  the  time 
the  ship  reached  position  F  it  hauled  to  NNE  \  E  ;  this  would  give 
nearly  a  fair  wind  for  running  to  Boston,  and  it  is  now  necessary 
to  find  what  course  must  be  steered  to  make  Boston  Lightship. 
We  find  by  use  of  the  parallel  rule  (referring  it  to  the  true  com- 
pass card  in  the  lower  right-hand  corner  of  the  chart),  or  by  the 
horn  protractor  (for  description  see  page  28),  that  the  Lightship 
bears  W  by  X  .V  X,  wliicli  is  our  true  course  or  course  to  be  made 
good.  Let  the  leeway  be  estimated  at  1  point.  The  ship  is  on 
the  starlxjard  tack ;  we  will  assume  tliat  there  is  no  bad  steeniore. 
Let  the  deviation  l>o  1  point  E ;  the  variation  given  on  above- 
mentioned  compass  card  is  13]^°  W,  which  for  simplifying  we  will 
assume  as  being  1  point  W,  to  find  compass  course  or  course  to 
be  steered.  True  couise  =  W  by  X  I  N.  The  variation  being 
equal  and  opposite  the  deviation,  they  counteract  each  other, 
leaving  1  point  leeway  to  be  corrected  or  allowed  for,  which  to 
find  the  compass  course  is  allowed  to  the  right  or  toward  the 
wind,  which  makes  the  compass  course  WNW  ^  N. 

Now  take  an  exact  case 

True  course  \V  1)V  X  }^  N  =  7-^  7>^'  W 

Deviation  10°      p: 

Variation  l^M"  W 

Leeway      11  la  Starboard  tack  same  as  W  variation. 

14K°W 
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This  is  now  allowed  to  the  right  of  tlie  true  course  N  73** 
ly  W,  and  gives  N  58°  22 1'  W,  or  NW  by  W,  which  is  given  to 
the  helmsman. 

Now  suppose  we  had  been  sailing  by  compjiss  for  a  certain 
number  of  hours  NW  by  \V,  and  that  the  leeway,  variation  and 
deviation  were  the  same  as  in  the  al)ove  case;  then  in  order  to  find 
tlie  true  course  made  good  by  tlie  ship,  we  revei-se  the  preceding 
methods  and  get  as  the  true  course  W  by  N  I  N,  which  is  neces- 
sary if  the  ship's  track  is  to  be  marked  upon  the  chart. 


CHARTS. 

A  chart  is  a  representation  on  a  flat  surface,  such  as  paper, 
of  a  portion  of  the  surface  of  the  earth.  Charts  are  made  by 
several  different  projections.  Harbors  and  small  sections  are 
made  on  what  is  called  the  Polyconic  projection,  while  for  great 
ciitjle  sailing  (to  be  explained  later)  the  charts  used  are  on  the 
Gnmonic  projection.  For  general  navigation,  charts  constructed 
on  Mercator's  projection  are  used  almost  entirely.  A  short 
description  of  Mercator's  chart  will  be  given,  and  a  description  of 
the  other  projections  may  \)e  found  in  most  books  on  Navigation. 

Mercator*s  Chart.  On  this  chart  all  the  meridians  and 
parallels  are  straight  lines;  tlu^  degrees  of  longitude  are  all  equi- 
distant; the  degrees  of  latitude  are  increased  in  length  from  the 
equator  to  the  pole  in  the  same  proportion  as  the  degrees  of 
longitude  actually  decrease  on  tlu*  eaith's  surface.  * 

Use  of  Chart.  Tlie  chart  is  spread  out  on  a  chart  table,  with 
the  south  end  nearest  the  navigator.  (Jeneral  charts  for  ocean 
sailing,  and  covering  considerable  extent,  such  as  a  chart  of  the 
North  Atlantic,  have,  in  addition  to  the  true  meridians,  the  mag- 
netic meridians  or  lines  of  equal  variation,  also  small  compass 
cards  (see  chart),  lender  the  title  of  the  chart  sufficient  expla- 
nation is  given  whereby  the  chart  may  be  read. 

Parallels  and  meridians  are  at  right  angles  to  each  other. 

Scale  of  Latitude  and  Distance.  The  two  meridians  which 
bound  the  chart,  as  07^  and  TeJ  \  are  called  (j^raduated  meridians, 
because  they  are  marked  to  degrees  and  minutes.  On  these 
meridians  hUttfi^l'/  is  measured  from  the  equator  toward  the 
pole  in  degrees  and  minutes,  according  to  the  scale  of  the  sub- 
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divisions.  Tlie  distance  between  two  places  is  also  m^iosured  on  a 
graduuted  meridian  ;  a  minute  being  equal  to  m\£  mile. 

Scale  of  Longitude.  The  two  pai-allels  which  bound  the 
top  and  bottom  of  the  chart  are  called  graduated  parallels,  44^ 
and  40° ;  they  are  also  marked  to  degrees  (and  minutes,  if  the 
scale  is  large  enough).  Longitude  is  measured  on  these  parallels 
and  nothing  more ;  the  distance  betiveen  two  places  cannot  be  meas- 
ured on  the  parallels.  On  Mercator's  chart  the  tmck  of  the  ship, 
or  rhumb  line,  is  straight. 

To  Find  Latitude  of  a  Place  on  tlie  Chart,  With  the  divid- 
ers (for  description  see  page  28)  take  the  distance  of  the  place 
from  the  nearest  pamllel,  and  refer  this  distance  to  one  of  the 
graduated  meridians,  placing  one  point  of  the  dividers  on  the  same 
parallel,  and  the  other  upwards  or  downwards,  as  required ;  read 
off  the  latitude  at  the  latter  point.  Or  by  parallel  ruler  (see  page 
28)  lay  the  edge  of  the  rule  on  the  nearest  pamllel  of  latitude, 
and  work  it  to  the  given  place ;  note  the  degree  and  minute  on 
the  graduated  meridian  at  the  edge  of  the  rule.  For  example:  In 
chart  point  C  is  found  to  bo  in  the  latitude  41°  29'  N.  The  stu- 
dent should  find  tlie  latitude  of  all  the  points  A,  B,  0,  etc. 

To  Find  the  Longitude  of  a  Place  on  the  Chart.  With  the 
dividers  take  the  distance  of  the  place  from  the  nearest  meridian, 
and  refer  this  distance  to  one  of  the  graduated  pamllels,  placing 
one  point  of  tlu^  dividers  on  the  same  meridian,  the  other  point  to 
the  right  or  left,  as  required;  read  off  the  longitude  at  the  posi- 
tion f)f  the  latter  point.  It  may  also  be  done  with  a  parallel  ruler 
in  the  same*  maniu^r  as  the  latitude  was  found.  For  example : 
Point  (',  cliart,  has  lontritude  ()!)'  20'  W  (repeat  for  other 
points). 

To  Mark  a  Ship's  Position  on  a  Chart.  We  will  assume 
that  we  know  the  latitude  and  longitude  to  be  lat.  41°  29'  N, 
long.  09°  '1&  W;  with  the  dividers,  take  from  the  graduated 
meridian  the  latitude  41°  29',  and  mark  this  up  on  the  meridian 
nearest  to  the  given  longitude  (in  this  case  [chart]  the  09°  meri- 
dian) ;  lay  the  edge  of  the  parallel  ruler  on  the  nearest  pirallel, 
and  work  it  to  the  exact  latitude  you  have  marked  on  the  69° 
meridian;  then  with  the  dividers  pick  off  the  given  longitude  (in 
this  case  09°  20'  W),  and  lay  this  distance  along  the  edge  of  the 
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parallel  ruler  which  already  marks  the  latitude,  and  you  have  the 
ship's  i)ositiou.  In  this  way  a  ship's  track  is  usually  pricked  off 
at  sea,  her  latitude  and  longitude  being  laid  down  every  day  at 
noon,  or  at  any  other  required  time,  and  the  points  thus  obtained 
are  connected  by  pencil  line,  which  shows  the  ti^ack  of  the  vessel. 
To  find  the  distance  between  any  two  places  on  the  chart : 
Find  the  latitude  midway  between  the  two  places  on  one  of  the 
graduated  meridians,  and  mark  the  point:  then  with  the  dividers 
pick  off  half  the  distance  between  the  two  places  on  the  chait; 
now  place  one  point  of  the  dividei's  on  the  midlatitude  point  men- 
tioned, and  mark  with  the  otlier  point  above  and  below  the  mid- 
latitude  point,  the  distjince  between  the  upj>er  and  lower  points 
being  the  distance  wanted.  Now  let  it  be  understood  that  the 
distance  found  on  the  graduated  meridian  is  in  degrees  and  min- 
utes, which  may  be  changed  to  nautical  miles  by  bearing  in  mind 
that  one  degree  of  arc  equals  60  nautical  miles,  or  one  minute  of 
arc  equals  one  nautical  mile.  The  distance  in  degrees  between 
points  B  and  C  is  just  0°  60',  which  is  equal  to  60  nautical  miles. 
A  clear  undei-standing  of  the  method  of  using  the  chart  is  abso- 
lutely essential,  for  it  forms  part  of  the  daily  routine  of  a  navi- 
gator. The  method  of  finding  the  ship's  place  on  the  chart  by 
soundings  will  be  discussed  later,  in  connection  with  a  practical 
example.  For  further  examples  of  ways  in  which  to  use  the 
chart  the  student  is  referred  to  any  of  the  books  already  men- 
tioned. 

THB  SAILINGS. 

The  principles  underlying  this  subject  should  be  clearly 
understood,  as  they  will  make  the  remaining  portion  of  the  study 
of  navigati(m  much  more  readily  understood,  particularly  the  last 
of  this  book. 

In  ccmsidering  the  position  of  a  vessel  at  sea,  with  reference 
to  some  other  place  which  she  has  left  or  to  which  she  is  bound, 
the  following  must  be  considered: 

The  Course. 

Distance. 

Differeuce  of  Latitude. 

Departure. 

Difference  of  Longitude. 
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Here  two  cases  arise :  The  first,  a  vessel  goes  on  a  known 
eoui-se  and  through  a  known  distance  from  a  place  whose  latitude 
and  longitude  are  also  known,  to  another  place  whose  latitude  and 
longitude  we  wish  to  know.  The  second,  the  latitude  and  longi- 
tude of  two  places  being  known,  it  is  required  to  find  the  course 
and  distance  from  one  to  the  other. 

Plain  Sailing  is  sailing  on  the  supposition  that  the  earth  is 
flat;  that  the  meridians  are  straight  lines  parallel  to  each  other 
and  at  right  angles  to  the  equator.  This  is  of  course  not  true 
but  is  sufficiently  accurate  when  very  small  portions  of  the 
earth's  surface  are  considered. 

For  example,  let  us  suppose  a  ship  to  be  at  A,  Fig.  8,  and  pro- 

f^^ ^       ceeding  along  A  S  to  S ;  then   A  S 

is  the  distance  in  nautical  miles 
(given  by  the  log,  see  page  27), 
A  N  is  the  departure,  N  S  is  the 
difference  of  latitude  and  the  angle 
A  S  N  is  tlie  course.  Now  if  any 
two  of  these  quantities  be  given, 
the  remaining  two  can  be  found 
by  simple  trigonometry,  or  by 
solving  a  right  triangle.  In  order 
to  simplify  this  work  Tables  I  and 
II  in  Bowditch's  Navigator  are 
used,  Table  I  to  be  used  if  the  course  is  in  points  or  fractions  of  a 
point.  Table  II  when  the  course  is  given  in  whole  degrees. 

Example:  A  ship  is  in  long. 56°  24'  W  and  lat.  41^3'  N 
at  noon  on  Jan.  1,  1900,  and  from  this  position  sails  142 
nautical  miles  (given  by  the  log)  on  a  SE  by  S  true  course ;  find 
the  difference  of  latitude  and  the  departure.  In  Table  I  under 
3-point  courses  (SE  by  S  being  a  3-point  course,  as  previously 
explained,)  we  look  up  the  difference  of  latitude  and  departure 
corresponding  to  142  miles  distance,  and  we  find  diff.  lat.  =  118.1 
miles  and  the  dep.  =  78.9  miles.  As  we  have  been  going  in  a 
southeasterly  direction,  both  our  lat.  and  long,  have  been  decreas- 
ing. Tables  I  and  II,  often  called  travei-se  tables,  can  be  used 
also  for  solving  light  triangles. 

Parallel  Sailiiuj.     By  this  we  mean  sailing  either  due  east  or 


Fig.  8. 
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west.  In  this  case  there  is  of  course  no  difference  of  latitude  and 
the  distance  sailed  is  the  departure.  Now  if  we  change  this  depar- 
tui-e  from  miles  to  difference  of  longitude  in  degrees,  minutes 
and  seconds  we  can  at  once  prick  off  our  position  on  the  chart. 

Suppose  a  ship  in  lat.  52®  N  to  sail  79  miles  due  west,  the 
difference  of  long,    is  found  as  follows : 

Lat.  52*  Log.  sec.  62*  =  10.21006 

Dep.  79  log.  79  =  4.89763 

Log.  of  Diff.  of  Long.  =    2.10829 

rejecting  tens  in  the  index,  number  corresponding  to  log  2.10829 
=  128.3,  which  is  equal  to  2°  8'  18",  which  is  the  difference  of 
longitude  in  degrees.  Tables  I  and  II  may  be  used  for  the  same 
purpose,  as  follows :  With  latitude  as  a  coui-se  and  departure  in  the 
latitude  column,  the  difference  of  longitude  in  minutes  is  found 
in  the  distance  column.  For  instance,  in  the  previous  problem 
take  the  course  as  52°,  and  use  Table  II  for  52°  and  we  find  in 
the  distance  column  129  opposite  .79.4  ;  in  the  latitude  column 

129'  =  _^-_z=  2°  9'  diffe'rence  of  longitude.  We  might  have  in- 
terpolated in  the  table,  and  arrived  at  the  same  result  as  before, 
namely,  2°  8' 18". 

Traverse  Sailing  is  merely  an  extension  of  the  method  of  plain 
sailing  ;  and  if  the  plain  sailing  problem  is  understood,  no  trouble 
will  be  experienced  with  traverse  sailing. 

Mercator^s  Sailing,  First  turn  to  page  15  and  read  descrip- 
tion of  Mercator's  chart. 

The  latitude  and  longitude  of  two  places  being  known,  re- 
quired to  find  the  course  and  distance  between  them :  Find  the 
difference  between  the  two  latitudes,  and  reduce  it  to  minutes  by 
multiplying  the  degrees  by  60,  etc.  Name  the  difference  north  or 
south  according  to  direction  in  sailing  from  one  place  to  another. 
From  Table  III  find  the  meridional  parts  due  to  each  latitude  and 
treat  them  in  the  same  manner  as  the  latitudes,  tiiking  their  dif- 
ference or  their  sum,  as  the  case  may  be,  and  call  this  the  merid- 
ional difference  of  latitude.  Find  the  difference  of  longitude, 
atid  name  it  E  or  W  as  the  case  requires. 

Find  the  logs  of  the  difference  of  longitude,  of  the  true 
difference  of  latitude  and  of  the  meridional  difference  of  latitude, 
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from  Table  42,  Bowditch.  Now  from  the  log  of  the  difference  of 
longitude  subtract  the  log  of  this  meridional  difference  of  latitude, 
and  the  result  is  the  log  tangent  of  the  course.  I^ok  up  the 
angle  corresponding  to  this  log  tiingent  in  Table  43  ;  this  gives 
the  course.  Also  in  Table  43  find  the  log  secant  of  the  course, 
and  add  this  to  the  log  of  the  true  diflference  of  latitude,  and  the 
number  corresponding  to  this  sum  is  the  distance.  For  a  more 
complete  account  see  Bowditch,  pages  49-53.  The  following 
example  may  help  make  the  problem  clear : 

Find  by  Mercator's  sailing  the  coui-se  and  distance  fi-om  Cape 
Cod  lighthouse,  in  latitude  42^  03'  N,  longitude  70°  04'  W,  to 
the  Island  of  St.  Mary,  one  of  the  Western  Islands,  in  latitude 
2()°  o9'  N  and  longitude  25°  10'  W. 

Li  =  42°       03'  N.     Merid.  Parts    2770.4     Loi     70**       4'    \V. 
U       36*       5iy  N.         '*  "  2377.6     L02     25"       10'  W- 


5°       4'  m  =       302.8  44        54' 

Diff.  Lat,  =  304'  I).  Lo.  2694' 

DifT.  Lo.  =  2694  log.  3.43040 

m       =    392.8  lo<c.  2  50417 


0.8:^623  :^  log  tangent 

Table  42  log.  tan.  0.8:^623  =  81°  42'  =  Course 

Diff.  Lat.  =  304'  log.  2.48287 
log.  sec.  81°  42'    =  0.84056 


log.  3.32343  =  2,100  miles  dist. 

True  Course,  S  81°  42'  E. 
Distance,  2,106  miles. 

Formuhe  by  which  all  i)08sible  cases  of  Meicator's  sailing  may 
be  solved  are  tabulated  on  page  50,  Bowditch. 

Great  Circle  Sailing,  The  shortest  disttmce  between  two 
points  on  a  s[)here  is  along  the  great  circle  passing  through  the 
points.  The  simplest  way  of  finding  the  Great  Circle  Course  is 
to  stretch  a  string  from  one  point  to  the  other  on  a  globe,  note 
the  latitude  of  the  points  at  which  the  string  cuts  the  different 
meridians,  and  mark  upon  the  chart  the  positions  thus  found. 
Join  these  points,  and  you  have  the  course.  It  is  necessary  to 
steer  from  point  to  [)oint  in  order  to  come  nearest  to  the  most 
direct  path   between  places.     On  long  voyages,  such  as  a  trans- 
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Atlantic  or  trans-Pacific  trip,  a  great  circle  track  is  considerably 
shorter  and  is  usually  taken  by  steamers.  Sailing  vessels  may 
find  great  circle  sailing  very  useful,  not  only  in  indicating  the 
shortest  distance  between  two  places,  but  also  as  showing  which 
is  the  best  tack  if  the  courae  cannot  be  laid  before  the  wind.  The 
tack  which  will  keep  the  vessel  nearest  to  the  great  cii'cle  will  be 
the  gaining  tack  ;  it  may  happen  that  what  is  apparently  a  losing 
tack  is  in  reality  a  gaining  one.  Great  circle  sailing  is  applicable 
mainly  to  steam  vessels,  for  they  can  generally  keep  any  course 
desired. 

Current  or  Oblique  Sailing,  A  current  is  a  body  of  water 
flowing  steadily  in  a  certain  direction.  The  net  of  a  current  is 
tlie  direction  in  which  it  moves  ;  the  drift  is  the  rate  at  which  it 
moves  in  a  S])ecified  length 

of  time,  as,    for  example,  T  ^y^'^^i 

SO  many   knots  per  hour.  /  ^^^^"^^^         I 

When  a  ship  sails  witli  a         /  ^  / 

current  her  motion   is   in-        /  ^.^^^^  / 

creased  by  an  amount  equal      I ^^^"""^''^  i 

to  the  drift  of  the  current ;    ^ 
when  sailing  against  a  cur- 
rent her    s[)ee(l   is    diminished  by  an  amount  equal  to  the  drift. 
Wiien  sailing  obliquely  to  a  current  a  ship's  motion  is  increased 
if  the  direction  of  the  current  is  from  abaft  the  beam,  and  de- 
creased if  from  forward  of  the  l)eam. 

The  true  course  of  a  vessel  sailing  in  a  current  is  the  diagonal 
of  a  parallelogram,  in  which  the  drift  and  set  of  the  current  in  a 
certain  time,  and  the  (;oui-se  steered  and  speed  in  the  same  time, 
form  the  adjacent  sides.  However,  in  case  the  set  of  the  current 
and  the  conrse  steered  are  in  the  same  straight  line,  the  current 
will  not  affect  the  course.  A  simple  illustration  will  show  how 
to  find  the  course  if  the  current  is  across  the  path  of  the  ship. 
Let  A  l>e  a  ship's  position,  A  C  the  direction  of  the  course  steered, 
and  also  let  A  C  be  the  distance  in  miles  the  vessel  will  travel  \\\ 
an  hour;  further,  let  A  B  be  the  drift  and  set  of  a  curi*ent.  Com- 
plete the  parallelogram  A  H  I)  C,  and  the  diagonal  A  I)  gives  the 
coui"se  made  good  and  the  disUmce  sailed  in  one  hour. 

This  is  never  used  when  in  deep  water.     The  reverae  of  the 
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aboye  problem  is  worked  at  noon  each  day  when  in  open  ocean,  to 
find  the  set  and  drift  of  the  ocean  currents.  However,  in  coasting, 
and  where  known  currents  exist,  the  above  may  be  useful. 

Navigatini:  the  5hip.  Taking  the  Departure,  Upon  clearing 
the  land,  the  first  step  before  shaping  the  course  and  commencing 
the  log  is  to  fix  the  ship's  position  or  to  take  the  departure.  The 
position  of  the  ship  may  be  referred  to  some  known  point  of  land, 
lighthouse,  or  any  prominence  whose  latitude  and  longitude  are 
tabulated.  The  latitudes  and  longitudes  of  such  places  all  over 
the  world  are  tabulated  in  Table  49,  Bowditch. 

Departure  by  a  Single  Bearing  and  Distance.  Get  the  com- 
pass bearing  of  the  jioint  or  lighthouse,  and  reverse  the  bearing; 
this  reversed  bearing  is  entered  or  set  down  as  the  first  course,  sub- 
ject to  the  same  compass  corrections  as  all 
conipaas  courses,  as  previously  explained. 
The  di stance  of  the  ship  fi*om  the  object, 
to  l)e  estimated  by  the  navigator,  is  tiiken 
iis  the  distance  run  ;  this  latter  is  of  course 
somewhat  inaccurate,  but  ordinarily  will 
suffice.  The  bearing  of  the  object  is  re- 
velled in  order  to  get  the  course  of  the 
ship,  for  suppose  a  light  wiis  found  to 
l)ear  by  compass  N  W,  then  the  ship  is  in  a 
SE  direction  from  the  lighthouse.  A 
more  accurate  method  is  to  take  two 
l)earings  of  the  same  objeec  ;  for  example, 
if  a  ship's  track  lay  so  that  the  object  will 
remain  in  view  for  a  time,  take  the  bearing  of  the  object  and  note 
the  angle  l)etween  it  and  the  direction  of  the  ship's  head.  After 
the  ship  has  run  on  the  same  course  far  enough  to  change  the 
iKiaring  of  the  object  a  few  points,  note  again  the  angle  between 
the  biarlng  of  the  object  and  the  direction  of  the  ship's  head. 
In  the  following  figure  let  C  l)e  a  point  of  land,  and  let  A  be  the 
jirst  position  of  the  ship  and  B  the  second ;  the  angle  CAB  and 
0  B  A  is  obtained  as  noted  above,  and  the  side  A  B  of  the  tri- 
angle is  the  distance  the  ship  has  run  between  the  times  of  tiiking 
the  bearings.  We  may  find  the  necessary  distance  A  C  or  B  C 
by  plane  trigonometry,  as  follows  : 
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AC  = 

AB  Sin  CBA 

Sin  ACB 

BC  = 

AB  Sin  BAG 

Sin  BCA 

F'or  example,  when  the  ship  wiis  at  A  it  was  running  ENE ; 
iifk»r  running  25  miles  N  by  W  it  bore  SE  :  required  the  distance 
of  the  ship  from  the  point  of  land  C  at  the  time  of  the  last  bearing 
at  B. 

AB  =  25 
.  BAC  =  7  points  =  78°  46' 
CBA  =  3  points  =  SS**  45' 
ACB  =  0  points  =  67**  aC 

log  25  r=  1.39794 
9.99167 


log  itin  BAC  = 


11.38951 


loff  Hin  ACB  =  — — - — ,  which  corresponds  to  26.5 

1.42389  ^ 

.•  .  BC=:26.5  miles. 

For  further  examples  see  BoWditch,  pages  61  and  62. 

Shaping  the  course,  flaving  taken  the  departure,  the  course 
must  then  Ikj  shaped,  whetht»r  by  rhumb  or  by  great  circle.  The 
true  or  magnetic  coui-se  may  be  taken  from  the  chart;  if  the  mag- 
netic course  be  tiiken,  allowance  nnist  bo  made  for  tlie  deviation 
for  that  direction  of  tlie  ship's  head  to  obtain  the  compass  course. 
If  sailing  in  a  known  current,  proper  allowance  for  it  should  be 
made.  Should  the  wind  be  ahead,  the  tack  miLst  be  chosen  upon 
which  the  greatest  distance  will  be  made  good  toward  tlie  point  of 
destination;  this  latter  must  be  altered,  however,  should  there  be 
any  outlying  shoals. 

The  dajfs  work  is  the  operation  of  computing  from  the  data 
expressed  in  the  log-book  the  ship's  run  for  twenty-four  houi-s 
preceding  each  noon.  The  term  is  usually  restricted  to  the  dead 
reckoning,  and  the  data  given  are  the  latitude  and  longitude  at 
the  preceding  noon  (by  observation),  the  compass  courses,  the  dis- 
tance run  on  each  course  (given  by  the  log),  compass  variation, 
compass  deviation  for  eacli  direction  of  the  ship's  head,  the  lee- 
way, the  set  and  drifts  of  currents  if  they  are  known,  the  force 
and  direction  of  the  wind,  statt^  of  sea,  sail  carri<Hl,  etc.  This  datii 
is  recorded  to  find  the  latitude  and  longitude  by  dead  reckoning, 
the  true  course  made  good,  and  the  compiuss  bearing  and  distiince 
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of  the  port  of  destination,  or  that  point  toward  which  the  ship  is 
to  be  directed  during  the  coming  twenty-four  hours. 

Strictly  speaking,  the  day's  work  includes  all  the  computa- 
tions the  navigator  must  make  each  day,  the  results  of  which  are 
entered  in  the  log-book.  In  sailing  vessels  the  mate  keeps  the 
log-book  and  the  position  of  the  ship  by  dead  reckoning.  Dead 
reckoning  is  merely  the  application  of  the  problems  already  laid 
do\vn ;  for  instance,  if  the  ship's  position  is  known  at  noon  on  a 
certain  day,  and  during  the  following  twenty-four  hours  it  has  run 
a  certain  number  of  miles  on  a  certain  compass  course,  the  position 
at  noon  on  the  next  day  is  found  as  follows :  Fii-st  correct  the 
.compass  course  for  variation,  deviation,  leeway  and  known  cur- 
rents, to  find  the  true  course  made  good;  then  in  Table  I  or  II, 
(depending  upon  whether  the  coui-se  is  given  in  points  or  degrees) 
under  the  distance  run,  find  the  latitude  made  good  and  the  de- 
parture. We  may  change  this  departure  into  difference  of  longi- 
tude, as  indicated  by  example  in  parallel  sailing.  By  applying 
our  difference  of  latitude  and  difference  of  longitude  to  our  posi- 
tion on  the  preceding  day,  we  get  our  new  position.  This  metliod 
of  finding  the  ship's  position  is  called  dead  reckoning.  On  making 
the  land  the  navigator  is  aided  in  liis  dead  reckoning  by  the  lead 
line,  which  gives  another  clue  to  the  shi])'s  position. 

Making  the  Land,  Every  precaution  and  forethought  should 
be  observed  as  the  ship  draws  near  the  lantl,  and  the  careful  navi- 
gator will  be  on  the  lookout  for  the  many  evidences  of  the  prox- 
imity of  the  land,  sucli  as  the  slioaling  of  tlie  water,  tlie  change  of 
color  of  tlie  water,  the  change  of  te  nperature  of  the  surface  water, 
the  presence  of  land  birds,  etc.  As  soon  as  land  is  made,  the 
ship's  position  should  Ije  marked  off  on  tlie  chart  by  reckoning 
and  verified  by  bearings  of  well-defined  points,  if  any  are  in  view. 
An  easy  and  satisfactory  method  of  finding  position  on  making 
land  is  to  take  sextant  angles  of  any  well-defined  prominent 
points,  which,  when  used  in  connection  with  Lecky's  "Off  Shore 
Danger  Angles,''  gives  the  distance  in  miles  from  the  point  of  land 
to  the  ship,  and  by  also  observing  the  bearing  of  the  point  the 
exact  position  of  the  ship  may  readily  l)e  established. 

It  is  always  a  good  plan  to  make  land,  if  it  can  be  done  with- 
out going  too  far  out  of  one's  way,  to  get  a  line  on  the  chronome- 
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ters  which  may  or  may  not  have  changed  their  rate.  A  change 
in  rate  of  the  chronometer  or  other  errors,  which  will  affect  the 
ship's  position  materially,  may  thus  be  ascertained,  and  should 
thick  weather  come  on  later,  the  navigator  would  be  in  a  better 
position  to  take  the  ship  safely  to  her  port  or  destination.  Again^ 
should  there  be  any  doubt  as  to  longitude,  and  it  was  found 
impracticable  to  make  any  point  of  land,  it  may  be  best  to  make 
the  latitude  of  the  place  required  and  then  if  possible  run  on  a 
parallel.  The  safe  way  is  to  locate  the  ship  on  a  Sumner's  line 
and  know  to  a  certainty  the  relative  bearing  of  the  land,  which 
will  determine  the  course ;  should  thick  weather  be  immediately 
threatening  and  close  in,  the  navigator  would  at  least  know 
where  he  is  and  whether  or  not  danger  was  near.  Of  course  due 
regard  should  always  be  given  to  soundings,  and  even  in  working 
your  way  into  an  unknown  harbor  in  clear  weather,  soundings  are 
of  infinite  value  to  the  navigator.  Sumner  lines,  chronometers, 
etc.,  will  be  taken  up  shortly  and  fully  explained ;  also  the  cur- 
rents, the  time  of  tide,  as  well  as  other  facts  laid  down  in  the  sail- 
ing directions,  must  be  considered. 

The  Method  of  Sounding,  Sounding  is  the  operation  of  find- 
ing the  depth  of  water  and  the  nature  of  the  bottom  by  means  of 
a  lead  weight.  Two  leads  are  used  for  sounding, —  a  hand  lead 
weighing  from  7  to  14  pounds,  with  a  line  marked  to  20  fathoms, 
and  a  deep  sea  lead  weighing  from  40  to  100  pounds,  with  a  lead 
line  about  100  fathoms  in  length.  A  hand  lead  w oighing  about 
10  pounds  is  about  all  one  man  can  eiisily  handle,  and  is  of  use 
only  in  shallow  water ;  as,  for  instance,  in  making  a  harbor.  If 
the  ship  is  making  7  knots  or  more,  it  takes  a  good  leadsman  to 
get  bottom  with  a  hand  lead  in  10  fathoms. 

Deep  sea  leads,  as  the  name  implies,  are  for  getting  soundings 
in  deep  water.  It  is  necessary  when  using  an  ordinaiy  deep  sea 
lead  of  al)Out  40  pounds  to  heave  the  ship  to ;  previous  to  heaving 
to,  th6  line  is  reeled  oflf  until  there  is  sufficient  amount  of  loose 
line  to  reach  bottom,  and  the  lead  carried  forward.  The  cavity  in 
the  bottom  of  the  lead  is  filled  with  grease  or  soap,  which  catclies 
and  retains  a  sample  of  the  bottom. 

Deep  sea  sounding  in  this  manner  is  a  clumsy  operation,  and 
at  present  is  but  seldom  used.     An  improved  method  is  the  use  of 
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Lord  Kelvin's  Patent  Sounding  Machine,  shown  in  Fig.  9.  Piano 
wire  wound  on  a  drum  is  used  for  the  lead  line ;  this  makes  it  pos- 
sible for  the  lead  to  descend  much  quicker.  With  this  machine  it 
isclaimod  that  bottom  can  be  reached  at  100  fathoms,  with  the  ship 
making  14-  knots  or  more.  A  glass  tube  descends  with  the  lend; 
this  tube  is  liernietieally  sealed  at  the  top  end  and  open  at  the  bot- 
tom.    The  interior  of  the  tube  is  covered  with  a  chemical  prepara- 
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tinn.  whicli  (■hiin^'i'M-color  wiit'u  salt  water  toiichcB  it.  As  tlio  lead 
fiinks  ih-cpiT  iiiiil  di-c|nT,  th<!  j  res  sure  lieconies  greater  and  greatev. 
and  the  air  in  tin-  tube  is  oiimpreiwed  as  tin-  salt  water  is  foi-eetl 
in.  The  diseohiratiiuiiif  the  ehemiciil  shows exjietly  liow  high  the 
water  ri)«e  iti  the  UiIk-,  and  the  (Ie|)tli  found  by  ineau.s  of  the  siale 
^gradiiateii  ti.  fathuiiis)  attached  to  tlie  aide  of  the  tul)e.  In 
addition  tlieie  is  a  small  han'l  moving  over  a  dial,  which  also  indi- 
cates tlie  atniiunt  of  wire  unwonml. 
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For  purposes  of  naTigation  no  impoitance  can  be  placed  upon 
a  single  cast  of  the  lead;  the  proper  method  to  follow  in  sounding 
is  as  follows :  Take  soundings  at  regular  intervals,  saj  every  4  or 
5  inilfs ;  mark  a  strip  of  paper  so  that  the  distance  between  the 
marks  is  4  or  5  miles,  as  the  case  may  be,  using  of  course  the 
chai-t  best  suited  for  the  purpose,  from  which  the  4  or  5  mile  intcr- 
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Pig.  10. 
vals  may  be  taken.  Now  as  each  successive  cast  is  made,  the 
depth  and  nature  of  the  bottom  should  be  marked  on  the  strip  of 
pai>er,  thus  obtaining  a  series  of  soundings.  The  bit  of  paper 
will  resemble  Fig.  10.  Now  with  this  strip  of  paper  move  about 
the  chart  in  the  locality  where  the  vessel  is  thought  to  be,  and 
have  the  edge  of  the  pa|ier  run  or  point  in  the  same  dire<:tion  as 


the  ship  i-s  steering  true.  The  soundings  on  the  [lajwr  will  be 
found  to  approximate  those  on  the  chart,  some  places  much  more 
closely  than  others.  It  requires  experience  and  practice  to  decide 
just  where  the  ship  is,  particularly  if  it  has  been  running  on  dead 
reckoning  for  sever~.il  days.  Of  com-se  in  continued  tiiirk  weather 
it  i.H  more  difficult  to  lie  al«olutely  sure  of  your  pusition  by  sound- 
ings, hut  nevertheless  tliey  arc  valuable,  and  may  pii>v<'  that  you 
are  not  where  yon  think  you  are. 
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Taff rail  Log.  This  form  of  log  is  now  in  common  use,  and 
shown  by  Fig,  11.  A  description  will  not  be  given,  as  it  may  be 
found  in  most  lM)ok.-i  on  Navigation  and  iaciitalf^iies  ;  suffice  it  to 
b;i1i,  that  the  number  of  knots  and  tenths  of  knots  are  indicated 
on  the  dial,  and  tlie  ship's  speed  or  distance  m:ide,  ascertained. 


Fig.  12. 

The  Parallel  Rule  is  shown  in  Fig.  12;  it  is  tised  to  transfer 
tlie  direction  of  lines  from  one  place  on  the  clnirt  to  jmother,  as 
explained  in  t)ie  partgi'aphs  on  finding  positions,  etc.,  on  the 
chart. 

The  Horn  Protractor,  shown 
in  Fig.  13,  has  to  some  extent  di.-;- 
placcd  the  jwiridlel  rule.  A  form 
of  lioni  protractor  niiuked  in  points 
and  degrees,  with  a  long  string  and 
hand,  as  in  the  figure,  is  much 
eiisier  to  use  than  a  parallel  rule, 
which  at  best  is  troublesorue.  The 
object  of  the  string  and  hand  is 
this:  by  moving  the  hand  -o  that 
the  angular  <listant-e  bctnt-en  it 
and  the  string  is  equal  lo  (he  cor- 
rection to  l>e  applied  to  the  tine 
couree  in  oi-der  to  get  the  com- 
pa.-*.-*  coni-se,  and  by  observing  the 
hnlex  liaud  we  get  the  compass 
course  to  lie  followed  in  order  to 
make  good  the  true  course.  A 
little  pmctioe  in  the  nse  of  one  of 
these  patent  course  findci-s  will 
reveal  their  poBsibilities  much  easier  ilian  tliey  can  be  described. 
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Dividers  are  used  for  picking  off  distances  uyKm  tlie  chart.  It  is 
advisable  tn  liave  two  pairs, —  one  with  hotli  legsmetJil  and  one 
witli  11  pencil  point,  as  shown  in  Fig.  14. 

A  word  in  rt-gtird  to  lead    pencils:  avoid  if  possible  round 
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P^lcils ;  they  will  be  constiintly  rolling  off  the  cliart  table  at  sea, 
*'*<!  will  thus  canse  annnyiinee;  either  hexagonal  or  trii,ngular 
P^^cila  should  be  used. 

The    following  ia    tiiken    from    Ixird    Kelvin's  "  Lecture  ou 
Navigation  " : 
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'••  When  no  laudmarks  can  be  seen,  and  when  the  water  is 
too  deep  for  soundings,  if  the  sky  is  cloudy  so  that  neither  sun  nor 
stars  can  1x3  seen,  tlie  navigator,  however  clear  the  horizon  may 
be,  has  no  other  way  of  knowing  where  he  is  than  the  dead  reckon- 
ing and  no  other  gui<le  for  steering  than  the  compass. 

'•  We  often  hear  stories  of  marvellous  exactness  with  which 
the  dead  reckoning  lias  been  verified  by  the  result.  A  man  has 
steamed  or  sailed  across  the  Atlantic  without  having  got  a  glimpse 
of  the  sun  or  stars  the  whole  way,  and  has  made  land  wdthin  five 
miles  of  the  place  aimed  at.  This  may  l>e  done  once,  and  may  be 
done  again,  but  must  not  be  trusted  to  on  any  one  occasion  as 
probably  to  be  done  again  this  time. 

"Undue  trust  in  the  dead  reckoning  has  produced  nioi-e 
disastrous  shipwrecks  of  seaworthy  vessels,  I  believe,  than  all 
other  causes  put  together.   '  , 

"  All  over  the  surface  of  the  sea  there  are  currents  of  unknown 
strength  and  direction.  Regarding  these  currents,  much  most 
valuable  information  has  been  collected  by  our  Board  of  Trade 
and  Admiralty,  and  published  by  the  Admimlty  in  its  *  Atlas  of 
Wind  and  Current  Charts.'  These  charts  show,  in  scarcely  any 
part  of  the  ocean,  less  than  ten  miles  of  surface  current  per  twenty- 
four  houi-s,  and  they  show  iis  much  as  forty  or  fifty  miles  in  many 
places.  Unless  these  currents  are  taken  into  considei-ation,  then 
the  place  of  the  ship,  by  dead  reckoning,  may  be  wrong  by  from 
ten  to  fifty  miles  per  twenty-four  houre,  and  the  most  accurate 
information  whicli  we  yet  have  regarding  them  is,  at  the  best, 
only  approximate.  There  are,  in  fact,  certain  curi-ents  of  ten 
miles  and  upwards  per  day,  due  to  wind  (it  may  be  wind  in  a 
distant  part  of  the  ocean),  which  the  navigator  cannot  possibly 
know  at  tlie  time  he  is  affected  by  them. 

"  I  l)elieve  it  would  be  unsafe  to  say  that,  even  if  the  steerage 
and  speed  through  the  water  were  reckoned  with  absolute  accu- 
racy in  tlie  *  account,'  the  ship's  place  could  in  general  be  reason- 
ably trusted  to  within  fifteen  or  twenty  miles  per  twenty-four 
houi*s  of  dead  reckoning.  And,  l>esides,  neither  the  speed  through 
the  water,  nor  the  steerage,  can  be  safely  reckoned  without  allow- 
ing a  considerable  margin  for  eiror. 

"  Consider  further  the  steerage.     In  a  wooden  ship  a  good 
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ordinary  compass,  with  proper  precautions  to  keep  iron  from  its 
neighborhood,  may  be  safely  trusted  to  within  one-half  quarter 
point ;  but  reckoning  the  errors  of  even  very  careful  steering  by 
compass,  we  cannot  trust  to  making  a  coui-se  which  will  be  cer- 
tainly within  a  quarter  of  a  point  of  that  desired.  Now  you 
know  an  error  of  a  quarter  of  a  point  in  your  course  would  put 
you  wrong  by  one  mile  to  the  right  pr  left  of  your  desired  course 
for  every  twenty  miles  of  distance  run.  Thus,  in  the  most  favor- 
able circumstances  you  are  liable  through  mere  error  of  steerage 
by  compass,  to  be  ten  miles  out  of  your  course  in  a  run  of  only 
two  hundred. 

"  In  an  iron  ship,  if  the  compass  has  been  thoroughly  well 
attended  to  as  long  as  the  weather  permitted  sights  of  the  sun  or 
stars,  a  very  careful  navigator  may  be  sure  of  his  course  by  it 
witjiin  a  quarter  of  a  point,  when  cloudy  weather  comes  on ;  but 
by  the  time  he  has  run  three  or  four  hundred  miles,  he  can  no 
longer  reckon  on  the  same  degree  of  accuracy  in  his  interpretation 
of  its  indications,  and  may  be  uncertain  as  to  his  coui-se  to  an 
extent  of  half  a  point  or  more  until  he  again  gets  an  azimuth  of 
sun  or  star. 

"  No  doubt  an  exceedingly  skilful  navigator  may  entirely,  or 
almost  entirely,  overcome  this  last  source  of  uncertfiinty  when  he 
runs  over  the  same  course  month  after  month  and  year  after  year 
in  the  same  ship;  but  it  is  not  overcome  by  any  skill  hitherto 
applied  to  the  compass  at  sea  when  a  first  voyage  to  a  fresh  desti- 
nation, whether  in  a  new  ship  or  an  old  one,  is  attempted. 

"All  things  considered,  a  thoroughly  skilled  and  careful 
navigator  may  reckon  that,  in  the  most  favorable  circumstances, 
he  has  a  fair  chance  of  being  within  five  miles  of  his  estimated 
place  after  a  two-hundred-mile  run  on  dead  reckoning;  but  with 
all  his  skill  and  with  all  his  care,  he  may  be  twenty  miles  off  it; 
and  he  will  no  more  think  of  imperilling  his  ship  and  the  lives 
committed  to  his  charge  on  such  an  estimate,  than  a  skilled  lifle- 
shot  would  think  of  staking  a  human  life  on  his  hitting  a  buU's- 
eye  at  five  hundred  yards. 

"  What,  then,  do  practical  navigators  do  in  approaching  land 
after  a  few  days'  run  on  dead  reckoning?  Too  many,  through 
bad  logic  and  imperfect  scientific  intelligence,  rather  than  through 
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conscious  negligence,  run  on,  trusting  to  their  dead  reckoning. 

**  At  last  the  fatal  time  conies  :  the  navigator  has  trusted  to 
his  dead  reckoning  once  too  often  ;  he  has  made  a  '  center  '  not  a 
'  buH's-eye,'  and  his  ship  is  on  the  rocks. 

"  Every  seaman  of  experience  will  admit  the  perfect  justice 
of  these  remarks,  even  were  they  not  corroborated  by  the  revela- 
tions of  the  wreck  register." 

NAUTICAL   ASTRONOMY. 

The  preceding  portion  of  this  book  has  dealt  mainly  with  the 
methods  of  finding  a  sliip's  position  at  sea  by  dead  reckoning ; 
this  method  is  of  course  more  or  less  approximate.  In  spite  of 
the  uncertainty,  howt»ver,  dead  reckoning  must  always  be  kept,  as 
it  is  sometimes  the  oidy  available  way  of  locating  the  ship. 

The  following  portion  will  be  devoted  to  the  branch  of  nj%vi- 
gation  whicli  determines  the  position  of  a  ship  by  observation  of 
heavenly  bodies;  this  branch  is  called  Nautical  Astronomy. 

The  instruments  used  in  this  connection  are  the  Sextant  or 
Quadrant,  the  Chronometer  and  the  Nautical  Almanac.  It  will 
now  be  necessary  to  give  definitions  before  stating  the  problems  in 
Nautical  Astronomy,  previous  to  reading  whicli  the  student  should 
reread  the  detinitions  given  in  the  first  few  pages  of  the  book, 
including  tliose  of  latitiule,  longitude,  etc. 

Tiie  following  is  tiiken  from  Norie's  "  Navigation." 

"  The  Solar  System  is  that  assemblage  of  planets,  comets, 
meteors  and  cosmical  bodies  that  have  tlie  sun  as  their  center 
luminary,  revolving  around  that  body  at  different  distances  and 
with  different  [)eriodic  times. 

"  The  pianists  of  the  system,  in  the  order  of  their  proximity  to 
the  sun,  are  :  MeriMiry,  Venus,  Earth,  Mars,  the  Asteroids,  Jupiter, 
Saturn,  Tranus  and  Neptune.  The  phinets  shine  b}"  the  reflected 
light  of  the  sun,  as  do  all  the  bodies  of  the  system  ;  and  it  is 
characteristic  of  planetjiry  motion  that  a  line  drawn  from  the 
sun's  center  to  a  planet  would  sweep  over  equal  areas  in  equal 
times.  The  inferior  planets  are  the  two  whose  paths  are  between 
the  earth  and  the  sun  ;  the  superior  planets  move  in  paths  at  a 
greater  distance  from  the  sun  than  the  earth's  path.  A  satellite 
is  another  name  for  a  moon,  and  most  of  the  planets  in  the  solar 
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system  are  accompanied  by  one  or  more  such  bodies,  which  revolve 
around  tlieir  primary,  as  a  secondary  planet.  The  earth  has  one 
moon  ;  Mai-s  two  ;  Jupiter  five  (the  iiftli  is  seldom  seen);  Saturn 
eight,  and  also  meteoric  rings;  Uranus  four,  and  Neptune  one  or 
more. 

"  Comets  are  luminous  bodies  whose  very  eccentric  paths  lie 
around  the  sun. 

"  Fixed  stars  are  distinguished  from  the  planets  inasmuch  as 
their  relative  positions  in  the  heavens  remain  the  same  from  year 
to  year.  Unlike  the  planets,  which  shine  by  reflected  light  of 
the  sun,  the  fixed  stars  shine  by  their  own  light  the  same  as  our 
sun,  and  are  supposed  to  be  the  centers  of  other  solar  systems. 
The  only  fixed  stars  used  in  navigation  are  those  of  the  first  and 
second  magnitude.  The  distances  of  a  few  of  the  fixed  stars  have 
been  determined ;  of  these  distances,  none  are  less  than  200,000 
times  the  distance  of  the  earth  from  the  sun.  In  other  words, 
light  travels  at  the  rate  of  186,000  miles  a  second,  and  it  takes 
eight  minutes  for  the  light  to  come  to  the  earth  from  the  sun  ;  to 
come  from  the  nearest  fixed  star  oc  (centauri,  a  southern  star)  it 
would  take  three  yeai-s. 

The  celestial  lx)dies  used  for  navigation  purposes  and  from 
which  data  are  derived  from  the  Nautical  Almanac  and  Sextant, 
are  the  Siui,  Moon,  Mai-s,  Venus,  Jupiter,  Saturn  and  the  fixed 
stars  of  fii-st  and  second  magnitude.  In  this  lx)ok  tho  sun  only 
will  be  considered,,  but  the  student  should  understand  that  the 
stars  are  used  in  practically  the  same  manner  as  the  sun,  and  if  he 
can  use  the  sun  he  can  also  use  the  stars.  There  is  a  feeling 
current  among  seamen  that  there  is  something  mysterious  about 
sUirs,  and  that  it  requires  a  college  education  to  successfully  study 
them  ;  this  is  not  so.  For  stellar  work  in  navigation,  if  one  is  to 
study  by  himself,  Lecky's  *'  Wrinkles  in  Practical  Navigation " 
is  doubtless  the  best  book. 

Nautical  Astronomy,  To  a  person  cm  the  surface  of  the  earth 
the  heavens  appear  like  a  huge  hollow  sphere  the  center  of  which 
is  the  center  of  the  earth.  This  idea  of  a  large,  hollow  sphere  is 
more  apparent  when  one  is  at  sea.  Only  cme-half  of  this  sphere 
is  visible  to  a  person  on  the  earth's  surface.  If  a  plumb  line  were 
drawn  through  the  person  and  extended  far  enough  in  both  direc- 
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tions,  it  would  pass  through  the  center  of  the  earth  and  in  the 
other  direction  to  the  surface  of  the  supposed  hollow  sphere. 

Now  a  surface  or  plane  perpendicuhir  to  the  plumb  line  and 
extending  on  all  sides  to  meet  the  concave  celestial  surface,  would 
divide  tlie  hollow  sphere  into  two  pai*ts ;  this  plane  is  called  the 
Ration.il  Horizon.  In  Fig.  15  let  circle  E  represent  the  earth  and 
the  large  circle  H  7J  H',  etc.,  the  al)Ove-mentioned  hollow  sphere, 
or  celestial  concave,  as  it  is  called  ;  let  P  be  the  north  and  T  the 
south  pole ;  T  P  is  then  the  axis  of  the  earth.    P'  or  T  P  prolonged 

until  it  cuts  the  celestial  con- 
cave is  the  elevated  pole,  so 
called.  Let  Z  be  the  position 
of  an  observer  standing  upon 
the  surface  of  the  earth ;  then, 
as  already  defined,  H  H'  is 
the  rational  horizon,  the  circle 
Q'  Q'  at  right  angles  to  the 
axis  T  P  P'  is  the  equator  on 
the  earth,  the  celestial  equa- 
tor being  Q  Q.  Hereafter 
all  circles  mentioned  will  be 
on  the  celestial  concave  and 
not  on  the  earth,  although 
the  corresponding  circles  on  the  earth,  if  one  cares  to  consider 
them,  are  similar  in  every  respect.  For  instance,  the  latitude 
of  a  point  in  the  celestial  concave  is  the  same  as  the  latitude  of 
a  point  similarly  situated  upon  the  earth.  Take  point  Z  on 
the  earth  (Fig.  15),  and  7J  the  similar  point  in  the  celestial  con- 
ca/e,  or  zenith  point;  they  both  have  the  same  latitude  and  lon- 
gitude, because  their  location  is  given  in  degrees,  etc.,  and  there 
are  just  as  many  degrees  in  the  arc  Q  7J  as  there  are  in  arc  Q'  Z. 
As  Q  Q  is  the  equator,  the  latitude  of  Z  is  the  arc  Q'  Z  or  Q  Z '  ex- 
pressed in  degrees,  minutes  and  seconds,  as  defined  on  page  5. 
The  circle  H  Z' H' N  is  the  observer's  meridian.  Let  S  be  the 
position  of  the  sun  in  the  heavens  at  any  given  time ;  let  P'  S  R  M 
be  another  meridian  passing  through  the  sun's  position  and  making 
the  angle  o  with  the  observer's  meridian ;  furthermore,  let  circle 
Z'  S  A  N  be  a  great  circle,  also  passing  through  the  sun's  position 
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S  and  the  zenith  Z',  making  the  angle  a  with  the  observer's 
meridian.  Angle  o  is  called  the  hour  angle  jind  the  angle  a  the 
sun's  azimuth.  Angle  o  is  generally  expressed  in  hours,  minutes 
and  seconds,  and  is  the  apparent  time  of  the  observer  at  Z  on  the 
earth  (see  explanaticm  of  time,  page  44).  Reference  to  Fig.  IG 
in  connection  with  Fig.  15  may  make  these  definitions  clearer. 

Fig.  16  is  a  view  of  the  celestial  concave  looking  from  Z,  the 
observer's  position  on  earth,  up  to  the  zenith  directly  overhead; 
the  same  lettera  are  used  and  refer  in  both  figures  (Figs.  15  and 
IG)  to  the  same  points.  11  S  is  the  sun's  declination,  or  its  dis- 
Umce  north  or  south  of  the 
ecjuator  in  degrees,  etc.  A  S 
is  the  true  altitude  of  the  sun, 
or  its  distance  above  the 
rational  horizon ;  Q  Z'  is  the 
latitude  of  Z  or  Z';  the  lon- 
gitude has  already  been  de-  H 
fined.  S  P'  is  the  sim's  polar 
distance,  S  Z'  the  sun's  zenith 
distiince  and  Z'  P'  the  colati- 
tude  of  tlie  obsei^ver's  posi- 
tion at  Z.      Z'  N  in  Fig.   15 

and    7J   N',  Fig.  16,  is   the 

prime  vertical  or  vertical  circle 

l)assing  through  the  east  or  west  points. 

The    student   should    learn    and    know   what    the   following 

terms  mean  ;  their  use  will  appear  later.     They  are  all  essential 

in  the  work  of  navigation,  declination,  altitude,  zenith  distance, 

j)olar  distance,  celestial  meridian,  azimuth,  hour  angle,  colatitude, 

c*tc. 

Declination  is  the  distance  of  the  sun  or  any  celestial  l)()dy 

from  the  equator,  given   in   the  Nautical  Almanac  (see  page  50), 

for  every  day  in  the  year. 

Altitude  is  the  distiuu^e  of  any  celestial  body  above  the  hori- 
zon, and  is  measured  by  a  sextant. 

Zenith  distiince  is  90°  minus  the  altitude. 

Polar  distan(;e  is  90°  minus  the  declination. 

Hour  Angle.     At  three  o'clock,  for  example  (or  to  be  more 
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correct,  three  hours  apparent  time),  tlie  sun's  hour  angle  is  three 
houi-s;  tliut  IB,  it  takes  three  lioui-s  from  tlie  time  the  sun  crosses 
the  meridiim  (wliich  it  does  at  noon)  until  it  j'eaches  the  positiou 
where  its  hour  nngle  is  three  hours. 

ColatitUde  is  90°  minus  the  latitude. 

Azitnuth  of  a  Ixxly  is  the  angle  at  the  zenith  between  the 
observer's  meridian  and  tlie  circle  of  altitude  an  yier  Fig.  15;  when 
on  the  prime  vertical  the  ii/.iinuth  of  a  Imdy  in  90°. 

Aviplitude  is  the  an'  nf  the  horizon  between  the  point  where 


the  sun  rhvn  nr  sets  ami  thi*  cast  »i-  west  point;  it  is  the  comple- 
ment of  tlu'  iiziuiiitli. 

Thu  Sfjrl'iitt.  Tliis  instrument,  shown  by  Fig.  17,  is  use<i  for 
measuring  angles  hctweeii  two  {>()ints  hy  biinging  the  reflectwl 
image  of  one  of  the  points  to  coincide  with  the  other  oa  seen 
diret-tly.  Tlie  fmnie  of  the  sextant  \&  nsnally  made  of  bniss  or 
gun  metal.     C   is   the  index  glass,  1)  the  horizon  glass,  half  of 
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which  ia  silvei-ed.  A  is  the  arc,  and  is  divided  into  degrees,  which 
are  generally  BulKhvidfcd  to  ten  minutes;  tlie  movable  tii-mlJ  carries 
at  K  a  vernier  hy  wliich  still  finer  i-eadiiigs  inay  be  bad ;  the 
verniers  are  generally  divided  bo  tliat  the  angle  may  be  read  to 
twenty  set^onds,  G  is  a  tolescope  which  screws  into  a  ring  which 
holds  it;  N  is  mi  inverting  telesco[>e  wliich  is  often  used  in  [ilace 
of  fl;  II  is  iin  eyepiece  without  lenses,  and  also  screws  into  the 
tclftscoiw  ring  ;  M  is  a  colored  eyepiece  which  goes  with  the  tele- 
scope ;  E  and  F  arc  colored  ecreens,  used  when  the  sun  is  bright ; 
0  is  a  wooden  hnndle  bv  which  the  instrument  is  held. 


Tlic  priiiciptr  on  which  the  sexbiiit  works  is  this :  If  a  ray  of 
light  suffers  two  successive  rfflections  in  the  Siunc  plane  by  two 
plane  mirrors,  the  angle  iKitween  the  fii-st  and  last  direction  of  the 
iiiy  is  twice  the  angle  of  tbe  minors.  D  is  set  parallel  to  C  X, 
and  minor  C  turns  with  arm  B.  The  angle  between  S  C  and  S'  G 
is  twice  tlie  angle  Ix^twccn  tlio  two  mirrors  D  and  C  ;  tlicn  if  tlie 
angh-X'CX  is  IIO".  tbc  divisioMs  on  Ibe  si^ale  A  in  tbc  same 
length  of  arc  X  X'  will  l«j  120°.  The  use  of  the  scxfiint  is  ag 
follows  :  We  wish  to  find  tlie  angle  between  two  points  S  aud  S'. 
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Hold  the  instrument  by  the  handle  and  look  directly  at  S',  which 
is  seen  througli  the  unsilvered  portion  of  the  horizon  glass ;  now 
move  tlie  arm  B  until  point  S  is  seen  in  the  silvered  portion  of 
the  horizon  glass,  and  the  angle  between  the  two  objects  is  indi- 
cated at  K.  This  stcXtement  is  a  crude  one,  and  is  simply  intended 
to  show  what  the  instrument  does  rather  than  giving  the  exact 
methods  of  using,  which  are  carefully  stated  in  standard  works  on 
Navigation.  A  few  points  regarding  the  instrument  are  well  to 
know,  {IS  every  intelligent  navigator  should  be  able  to  "  size  up  " 
his  sextant. 

The  vernier:  When  the  zero  line  is  in  coincidence  with  a  line 
on  the  scale,  the  terminal  line  should  also  be  in  coincidence  with 
another  line  on  tlie  scale ;  furthermore,  in  every  well-cut  arc  only 
one  line  on  the  vernier  appears  to  coincide  with  a  line  on  the 
scale. 

It  is  not  advisable  to  lay  a  sextant  down  in  the  hot  sun  ;  the 
metal  of  the  arc  being  different  from  that  of  the  sextjmt  frame, 
unequal  expansion  takes  place  and  may  result  in  a  permanent  dis- 
tortion of  the  divided  arc,  thus  destroying  the  accui-acy  of  the 
sextant. 

The  horizon  gUiss  should  be  perpendicular  to  the  plane  of  the 
sextant,  as  should  the  index  ghiss,  also.  The  line  of  sight  of 
the  telescope  should  be  parallel  to  the  plane  of  the  instrument. 
If  there  were  no  index  error,  the  zero  or  first  graduation  on  the 
scale  should  coincide  with  the  first  mark  on  the  vernier.  Index 
error  is  common,  and  can  l)e  found  roughly  by  making  the  image 
of  the  sea  horizon  coincide  with  the  horizon  itself  as  accurately  as 
possible.  If  the  zero  of  the  index  is  at  zero  ou  the  scale  there  is 
no  index  error,  but  if  it  is  on  the  arc  the  correction  is  so  much 
subtractive,  or  when  off  the  arc  is  so  much  additive.  A  better 
way  to  do  it  is  to  measure  the  sun's  horizontal  diameter ;  as  this 
method  is  explained  in  any  good  book  on  navigation,  it  will  not 
be  given  here.  The  common  use  of  the  sextant  is  to  get  altitudes 
of  heavenly  bodies,  to  measure  heights  and  to  measure  angles  or 
the  distances  between  points  in  general. 

When  a  sea  horizon  cannot  be  obtained,  that  is,  when  a  ship 
is  in  port,  the  altitude  of  a  body  can  be  found  by  using  an  artificial 
horizon  (which  consists  of  a  saucer  of  quicksilver  or  molasses) 
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instead  of  depending  upon  a  sea  horizon.     The  process  consists  in 

bringing  the  image  of  the  sun  down  to  the  image  reflected  from 

the  artificial  horizon.     The  altitude  observed  in  this  way  is  twice 

the  apparent  altitude. 

Perhaps  the  best  method  for  a  novice  to  pursue  in  observing 

an  altitude,  is  to  start  with  arm  B,  at  zero  and  look  directly  at  the 

sun ;  both  the  real  sun   and   its  reflected  image   will  appear  in 

the  horizon  glass  D  ;  now  slowly  bring  tlie  instrument  down  until 

the  sea  horizon  is  seen  in  the  horizon  glass,  moving  arm  B  at  the 

same    time,  keeping    the 

sun's    reflected    image    in 

the    horizon   glass ;    when 

the  lower  limb  of  the  sun 

is  about  to  touch  the  ho- 
rizon, clamp  the  arm  B  by 

the    screw    S,  and    to  get 

the  final  contact   between 

the   sun's    limb    and    the'  ^ 

horizon  turn    the    tangent 

screw  T.     Practice   makes 

perfect;    this    is    true    of 

taking  altitudes  or  in  using 

the  sextant  generally. 
Personal  instruction  by  some  one  familiar  with  the  use  of  the 
instrument  will  enable  one  to  get  reliable  observations  sooner 
than  by  stumbling  along  alone. 

True  Altitude,  The  altitude  of  a  celestial  body  as  read  off  a 
sextant  is  not  the  true  altitude,  but  is  subject  to  corrccticms.  First 
comes  the  index  error  of  the  sextant,  which  has  been  explained; 
the  next  is  dip^  which  allows  for  the  height  of  the  eye  above  the 
surface.  Table  14,  Bowditch,  gives  the  dip  correction  for  varying 
heights  of  eye ;  dip  is  always  a  subtract! ve  correction. 

Refraction,  Owing  to  the  atmosphere  which  surrounds  the 
earth,  the  sim's  rays  are  bent,  as  indicated  by  Fig.  18 ;  hence,  to  a 
person  standing  at  A  and  looking  at  the  sun,  which  is  really  at  S, 
it  appears  to  l>e  at  S^  Refraction  is  a  subtractive  correction,  and 
is  found  in  Table  20,  Bowditch,  it  depends  upon  the  altitude  of  the 
body  and  the  density  of  the  atmosphere  (height  of  the  barometer). 


Fig.  18. 
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Parallax  is  due  to  the  fact  that  we  observe  the  sun  from  the 
earth's  surface  and  not  from  its  center.  To  an  observer  on  the 
earth  the  sun  appears  in  the  direction  B  S,  Fig.  19,  but  its  direc- 
tion from  the  center  of  the  eartli  is  O  S,  hence  as  we  are  reducing 
the   observed  altitude  to  the  true  altitude  we  must  correct  for 


Fig.  19. 

parallax  an  additive  correction,  whicli  is  tlie  angle  B  S  O,  and  is 

given  in  Table  16,  Bowditch. 

Semidiameter  of  a  celestial  body  is  half  tlie  angle  subtended 

by  the  body's  diameter.     This  is  an  ^additive  correction   if  the 

lower  limb  is  used,  and  gives 
the  altitude  of  tlie  body's 
center;  this  correction  is 
given  in  the  Nautical  Al- 
manac. 

Flndimf  Latit  uJr.  When 
H  the  body  observed  is  on  the 
meridian  its  altitude  ceases 
to  change,  and  the  most  con- 
venient way  of  finding  the 
latitude  is  bv  olwervincr  a 
meridian  altitude.  Referring 
to  Fig.  20  let  HZ  II,  etc., 
be  the  celestial  concave,  Z  the 


Fig.  20. 


zenith,  P  the  elevated  pole,  S  the  position  of  the  sun  or  other 
celestial  body,  Q  Q  the  celestial  equator,  and  H  II  the  rational 
horizon. 

First  let  us  see  what  we  know :  we  can  get  the  <leclination 
Q  S  of  the  sun  or  other  Inxlies,  from  the  Nautical  Almanac :  we 
can  also  get  H  S,   the   true  altitude,  by  correcting  an  observed 
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altitude  made  with  a  sextant.  The  latitude  we  are  after  is  the 
are  Q  Z ;  we  know  that  A  Z  is  90  degrees,  tus  the  zenith  is  90 
degrees  from  the  horizon,  therefore  S  Z  is  equal  to  90  degrees  — 
S  H  1=  90  degrees  —  true  altitude,  and  is  called  zenith  distance. 
Furthermore,  Q  Z  =  latitude  =  Q  S  -[-  S  Z  ^  declination  -\-  zenith 
distance.  A  concrete  case  will  illustrate  this.  The  student  is 
also  referred  to  a  sam[)le  page  from  the  Nautical  Almanac  at  the 
back  of  the  l)ook. 

At  sea.  May  3,  1902,  long.  45  degrees  W.  obs.  meridian,  alt. 
sun's  lower  limb  (O)  •"><>  degrees  10',  siui  bearing  south,  index 
corr.  -\-  2'  height  of  eye  20  feet :  required  the  latitude. 

IS**       28'  N 

±'l__ 

W        30'   N 


44.6 

Decl. 

8 

Corr.  45'  W 

133.5"  =  2'  -f 

r 

Red.  Decl. 

Index  Corr.  -f    2' 

Semidiam.     -f  15'  63' 

obs.  alt.        56'  W 

dip                 —4' 

corr.                -f  13' 

refraction     — 1' 

true  alt          60^23' 
zenith  dist.  33°  37' 

paraHax         -h         6* 

latitude 

-h  18"— ~6' 

33'        3r  N 

49^       r~ 


Take  tlie  sun's  declination  from  the  Nautical  Almanac  for 
noon  of  the  day  and  correct  it  for  the  longitude,  because  the  given 
declination  is  for  the  Greenwich  mean  noon.  The  hourly  differ- 
ence is  also  found  in  the  Nautical  Almanac;  rememl)er  that  15 
degrees  of  longitude  is  the  same  as  one  hour ;  add  the  hourly  dif- 
ference if  the  longitude  is  west,  subtract  if  the  longitude  is  east. 
Correct  the  ol^served  altitude  for  index  error,  dip,  refraction,  semi- 
diameter  iind  parallax,  and  subtract  it  from  90  degrees  to  get 
zenith  distance.  When  the  observer  is  north  of  the  sun  call  the 
zenith  distance  N,  when  he  is  south  of  the  sun  call  it  S.  When 
the  declination  and  zenith  distiuice  are  of  the  same  name  take 
their  sum ;  when  of  opposite  names,  take  their  difference  —  the 
result  is  the  latitude.  When  the  declination  and  zenith  dist;ince 
are  of  the  same  name,  the  latitude  is  also  of  that  name,  when  of 
different  names  the  latitude*  tiikes  the  name  of  the  greater.  In 
low  latitutles  the  sum  of  corrections  for  dip,  i)arallax,  semidiameter 
and  refraction  is  practically  -[~  .12';  therefore,  if  we  subtract  the 
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sextant  altitude  from  89  degrees  48'  or  90  degrees  minus  12',  we 
get  the  same  result  as  if  we  added  12'  to  the  correct  sextant  read- 
ing and  then  subtracted  from  90  degrees.  This  practice  of  sub- 
tracting the  correct  sextant  reading  from  89  degrees  48'  to  get 
zenith  distance  is  common  in  sailing  vessels ;  it  should,  however, 
not  be  used  in  high  latitudes  or  low  latitudes ;  in  fact,  until  one 
undensttuids  the  nature  of  the  corrections,  it  is  best  not  to  use 
89  degrees  48',  but  to  apply  each  correction  separately.  If  the 
correction  for  parallax  is  left  out  (in  the  case  of  the  sun  or  fixed 
stars)  no  serious  error  will  be  introduced. 

Latitude  by  Reduction  to  the  Meridian,  The  following  con- 
cise explanation  is  taken  from  Raper. 

"  When  the  sky  is  cloudy,  or  the  weather  variable,  the  sun  or 
any  other  celestial  body,  though  obscured  when  exactly  on  the 
meridian,  frequently  appears  for  short  intervals  of  time,  both 
before  and  after  the  meridian  passage.  When  the  body  is  near 
the  meridian,  the  change  of  altitude  in  a  small  portion  of  time  is 
very  small,  and  though  the  altitude  near  the  meridian  changes  at 
a  different  rate  in  different  latitudes,  yet  the  change  of  alti- 
tude in  a  given  small  interval  Ls  not  sensibly  affected  by  a  change 
of  severed  miles  in  the  latitude,  and  therefore  it  may  be  com- 
puted with  tolerable  accuracy,  even  when  the  latitude  by  account 
(which  is  used  in  the  computation)  is  considerably  in  error. 
If,  accordingly,  at  the  time  of  observing  an  altitude  near  the 
meridiim,  we  know  the  hour  angle,  we  may  find  very  nearly  by 
computation  the  difference  of  altitude  by  which  to  reduce  the 
observed  altitude  to  the  meridian  altitude,  and  which  is  thence 
ctilled  the  Reduction  to  the  Meridian.'* 

'*This  method  is,  in  point  of  simplicity,  but  little  inferior 
to  the  meridian  altitude,  to  wliiclx  it  is  next  in  importiince ;  and  it 
particularly  demands  the  attention  of  seamen,  because,  when  the 
latitude  by  observation  is  left,  as  it  too  generally  is,  to  the  casualty 
of  obtaining  the  meridian  altitude,  it  is  frequently  lost  for  the 
day." 

"  The  term  '  near  the  meridian'  implies  a  meridian  distance 
limited  according  to  the  latitude,  the  declination,  and  also  to  tlie 
degree  of  precision  with  which  the  time  is  known." 

The  rule  for  these  limits  is  as  follows  :  The  hour  angle  of  the 
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sun,  or  the  time  from  noon,  should  not  exceed  the  number  of 
degrees  in  the  sun's  meridian  zenith  distance.  For  instance,  if 
the  suns  meridian  altitude  be  about  75  degrees,  the  time  from 
noon  of  taking  the  ex-meridian  should  not  be  greater  than  fifteen 
minutes,  but  better  less. 

The  computation.  Take  an  altitude  of  the  sun  and  note  the 
time.  Find  the  sun's  hour  angle,  or  the  time  from  noon ;  thus, 
when  the  a[)pai*ent  time  has  been  lately  determined,  that  is,  by  the 
time  sight  in  the  morning  (see  discus Hi(m  on  time,  page  46).  If  the 
ship  has  made  westing,  subtract  the  difference  of  longitude  made 
goo<l  from  the  apparent  time  found ;  if  easting  has  been  made,  add 
the  difference  of  longitude  to  the  apparent  time,  the  result  is  the 
a[)parent  time  required. 

If  the  apparent  time  has  not  lately  been  found  by  observation, 
the  apparent  time  may  be  found  from  the  chronometer,  using  the 
longitude  by  account,  thus :  To  the  G.  M.  T.  ((xreenwich  mean 
time)  given  by  the  chronometer  (after  applying  the  gain  or  loss  up 
to  the  time)  reduce  the  equation  of  time  (Nautical  Almanac)  and 
apply  it  to  the  G.  M.  T.  as  indicated  in  the  Nautical  Almanac. 
The  result  is  the  Greenwich  apparent  time.  If  the  longitude  is 
west,  subtract  this  longitude  in  time  from  the  G.  A.  T.  (Green- 
wich apparent  time),  or  if  east  add  it,  and  the  result  is  the  appar- 
ent time  at  ship. 

Find  the  declination  of  the  sun,  and  correct  the  altitude  for 
dip,  semidiameter,  parallax  and  refraction  and  index  error.  Add 
together  the  logarithm  from  the  table,  Bowditch,  and  the  log,  sine 
square  of  the  hour  angle  ;  the  sum  is  the  log  sine  of  the  reduction. 
Add  the  reduction  to  the  true  altitude,  and  the  result  is  the 
meridian  altitude  at  the  place  where  the  meridian  altitude  was 
observed ;  use  this  meridian  altitude  to  find  the  latitude  of  tlie 
ship  as  previously  indicated.  The  latitude  thus  found  is  the  lati- 
tude of  the  phice  where  the  observation  Wiis  made,  and  not  at 
noon  ;  to  get  it  from  noon  we  must  use  Tables  I  and  II,  Bowditch, 
taking  into  account  the  course  made  good  and  the  distance  run 
during  the  time  l:)etween  the  observation  and  noon  at  ship. 

Example :  Latitude  by  account  47  degrees  N,  longitude  by 
account  25  degrees  W  at  11   minutes  48  seconds  before  noon, 
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coiTected  altitude  of  sun  63  degrees  54',  reduced  declination  17 
degi-ees  4^N,  find  the  latitude. 

Lat.  47"  decl.  IT  (both  N)  0.416 
11m  488  sine  sq.  6.821 


log.  sine  of  reduction 

=  7.237          red.  =    0"  6  ' 

alt.       63**  54' 

mer.  alt.      64"    0' 

90"  O' 

64**  O'  inerid.  alt. 

26"  O'  X  zenith  dist. 

17**  4'  N  Declination 

43"  4'  N  Latitude  11m  48b  before  noon  at  ship. 

The  Chronometer.     This  is  a  watch  constructed  as  nearly 

* 

perfect  as  i)Ossible  ;  it  is  furnished  with  an  apparatus  by  which  the 
changes  of  rate  due  to  expansion  or  contraction,  by  heat  or  cold, 
are  nearly  obviated.  Chronometers  should  receive  great  care  and 
be  placed  in  a  position  where  no  jui-s  or  shocks  are  likely  to  l>e 
experienced,  as  these  will  often  change  the  rate.  This  instrument 
gives  Greenwich  mean  time  (when  the  correction  is  applied)  and 
is,  of  course,  a  factor  in  the  deteiTnination  of  longitude. 

A  chronometer  which  has  a  regular  rate,  that  is,  gains  or 
loses  the  same  amount  every  twenty-four  hours,  is  satisfactory,  but 
when  this  rate  varies  and  no  dependence  can  be  put  upon  it,  the 
instrument  is  of  little  or  no  value.  Chronomotei*s  often  change 
their  rates,  that  is,  after  going  for  some  time  gaining  or  losing  a 
certain  amount  each  day,  they  gain  or  lose  another  amount  for  a 
while.  The  navigator  should  watch  his  chronometei^  carefully 
and  compare  them  (if  two  or  more  are  on  l>oard)  every  day ; 
further,  should  any  points  of  land  or  islands  come  in  sights  so  that 
the  shij)  can  be  located  by  bearings  of  the  shore,  the  chronometer 
error  can  Ik?  ascertained  (this  will  be  taken  up  later). 

Relation  of  LoyKjitude  {Arc)  to  Time,  The  following  will 
show  just  how  the  chronometer  is  the  agent  by  which  we  find  our 
longitude.  The  circumference  of  every  circle  is  divided  into  3G0 
equal  parts  or  degrees ;  now  the  earth,  whose  circumference  is  a 
circle,  is  3G0  degrees,  turns  on  its  axis  in  the  direction  of  this 
circumf(Mence  once  in  24  hours;  therefore  the  86*J  degrees  of  cir- 
cular meiusure  are  the  e(iuivalent  of  24  horn's  ;  dividing  360  degrees 
by  24  we  get  15,  hence  15  degrees  of- arc  are  the  equivalent  of  one 
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hour.  We  say,  iistronoinieally,  that  ^a  a  complete  rotation  of  the 
earth  upon  its  axis  is  performed  in  24  houi-s,  meridians  15  degrees 
a[);»rt  are  thus  brought  to  the  sun  at  regnlir  intervals  of  one  hour. 

Ill  circular  measure        (arc)  In  Time 

3t50  degreen  =  24  hours 

15       **  =                                  I  hour 

1       •*  =                                4min. 

15'  =                                 I  mill. 

1 '  =                                  4  sec. 

15  '^  =                                 1  sec. 

By  means  of  this  table  we  can  change  longitude  into  time,  or 
time  ixjto  longitude. 

THnie.  The  instant  that  a  body  is  on  the  meridian  of  the 
observer,  it  is  called  its  transit  or  culmination.  A  body  is,  in  the 
coui-se  of  one  complete  turn  of  the  earth,  on  the  meridian  twice; 
when  on  the  meridian  directly  over  the  observer's  head  it  is  called 
the  upper  transit ;  when  underneath,  the  lower  transit. 

Solar  Time  is  meiusured  by  the  daily  motion  of  the  sun,  and 
is  called  apparent  time.  Apparent  time  is  the  hour  angle  of  the 
center  of  tlie  actual  sun. 

The  Apparent  Sohir  Day  is  tlie  time  between  two  successive 
up{>er  transits  of  tlie  sun.  When  the  sun  is  on  tlie  observer's 
meridian,  it  is  apparent  noon  at  that  place. 

Tlie  apparent  day  varies  in  length  from  two  causes :  firsts  the 
sun  does  not  move  in  the  equator  but  in  the  ecliptic,  the  plane  of 
the  ecli[)tic  making  an  angle  with  the  plane  of  the  equator  equal 
to  the  inclinaticm  of  the  earth's  axis;  nerontL  the  sun's  nioticm  in 
the  ecliptic  is  not  uniform.  At  times  the  su!i  moves  over  an  arc 
of  57'  of  the  ecli[»tic  in  a  day,  and  at  other  times  over  an  arc  of 
t)l'  in  the  same  time. 

Thus  ap[)arent  time  cannot  l)e  taken  ius  a  standard,  a:id  for 
most  p!irp<)ses  time  is  measured  by  a  fictitious  sun  or '•Muean  sun" 
which  moves  in  a  uniform  I'ate  along  the  e(|uat(>r.  This  is  called 
mean  sofar  tune.  The  diftVrenct*  between  mean  and  apparent  time 
is  called  the  eqaatlnn  of  time, 

T(»  convert  apparent  time  into  mean  time,  take  from  the 
Nautical  Almanac  the  equation  of  time  and  add  it  or  subtract  it 
according  to  the  direction  given  at  the  column.  The  ecjuation  of 
time  is  sometimes  defined  as  a  quantity  to  be  added  algebraically 
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to  apparent  time  to  get  mean  time.  Its  sign  is  plus  when  mean 
time  is  later  than  apparent  time,  and  minus  when  earlier. 

Siderial  Time  is  measured  by  the  daily  motion  of  the  stsirs, 
or  the  daily  motion  of  the  vernal  equinox. 

Siderial  Day  is  tlie  interval  l>etween  two  successive  upper 
transits  of  the  vernal  equinox  over  the  same  meridian. 

Siderial  Noon  is  the  instant  the  circle  througli  the  vernal 
equinox  coincides  with  the  meridian. 

In  order  to  connect  siderial  time  with  mean  time  an  element 
is  calculated  and  tabulated  in  the  Nautical  Almanac,  that  is,  the 
Siderial  Time  of  Mean  Noon,  or  what  is  the  same,  the  Right 
Ascension  of  the  Mean  Sun.  Hence  the  Siderial  Time  as  found 
by  the  sun  is, 

Siderial  Time  =  Right  Ascension  Sun -|- Hour  Angle  of  Sun. 

When  the  hour  angle  is  0  the  Right  Ascension  is  the  Siderial 
Time. 

Astronomical  and  Civil  Time,  In  astronomical  time  tlie  day 
begins  at  noon  and  is  divided  into  24  hours,  numbered  successively 
from  0  h.  to  24  h.  The  civil  day  l)egins  at  midnight,  or  when  the 
sun  is  at  the  lower  transit.  It  is  divided  into  two  parts  of  12 
hours  each,  the  part  from  midnight  to  noon  being  called  A.M.  and 
from  noon  to  midnight  P.M.  The  civil  day  begins  12  hours 
belore  the  astronomical  day  of  the  same  date. 

Ast.  Time  August  20,  17  houi-s  =r  Civ.  Time  Aug.  21,  6 
hours  A.M. 

Ast.  Time  August  20,  7  hours  =  Civ.  Time  Aug.  20,  7 
hours  P.M. 

The  hour  angle  of  the  sun  at  any  meridian  is  called  the  local 
(Solar)  time.  The  liour  angle  at  Greenwich  at  the  same  instant 
is  the  corresponding  Greenwich  time.  The  difference  between 
these  two  times  is  equal  to  the  longitude  of  the  place  in  time, 
which  may  be  changed  to  degrees,  minutes  and  seconds  by  the 
table  previously  given.  Thus  the  longitude  (generally  speaking) 
is  found  at  sea  by  getting  the  sun's  hour  angle,  by  aid  of  a 
sextant,  and  at  the  same  time  noting  the  chronometer  time,  the 
difference  between  the  two  being  the  longitude  of  the  place  of  ob- 
servation in  time. 

The  Nautical  Almanac^  a  portion  of  which  is  inserted  on 
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pages  50  and  51,  gives  part  of  the  data  needed  to  work  up  a  sight. 
The  Almanac  is  arranged  as  represented  here,  with  the  right  ascen- 
sion, declination,  etc.,  of  the  sun  corresi^onding  to  Greenwich 
apparent  noon  on  this  left-hand  page  and  those  corresponding 
to  Greenwicli  mean  noon  on  the  right.  The  tiible  for  mean 
noon  is  the  one  to  use,  as  we  get  Greenwich  mean  time  from  the 
clironometer. 

Lmi^itmle  at  Sea  by  the  Sun,  In  order  to  solve  this  prob- 
lem it  is  necessary  to  know  the  following:  (Irreenwich  mean  time 
at  the  time  of  observation,  the  sun's  true  altitude,  declination,  and 
the  latitude  of  the  place  of  observation.  It  is  customary  at  sea 
to  take  a  time  sight  in  the  morning  about  nine  o'clock,  and  to 
work  it  through,  using  for  latitude  the  latitude  by  account  (which 
is  obtiiined  by  the  aid  of  the  log  and  traverse  table,  as  previously 
explained),  thus  getting  the  apparent  time  at  ship  and  also  noting 
the  time  by  the  ship's  clock  (not  by  the  chronometer)  ;  thus  the 
ship  time  for  the  day  is  found.  Should  the  sun  be  in  the  prime 
vertical  at  the  time  of  taking  its  altitude,  the  latitude  by  account 
may  be  used  then  and  there  to  work  out  the  ship's  longitude,  for 
with  the  sun  in  the  prime  vertical  an  error  in  the  latitude  pro- 
duces no  error  in  the  longitude;  otherwise  the  longitude  must  not 
l)e  reckoned  until  tlie  latitude  of  the  ship  is  found  at  noon.  Having 
obtained  the  latitude  by  meridian  altitude,  the  latitude  at  the  time 
of  the  morning  observation  may  be  found  and  used  in  working  up 
the  longitude.  It  is  a  good  plan  to  get  the  sun  in  the  prime  ver- 
tical if  possible ;  however,  the  altitude  should  not  be  too  small  to 
be  seriously  affected  by  refraction. 

Let  us  now  carry  through  a  complete  case,  witli  every  step 
plainly  indicated,  which  the  student  must  follow  carefully. 

The  usual  method  followed  is  given  by  the  following  rule : 
Add  together  the  true  altitude,  the  latitude,  and  the  polar  dis- 
tance ;  divide  this  sum  by  2  and  subtract  the  altitude ;  find  from 
table  44,  Bowditch,  the  log  sec.  of  the  latitude;  the  log  cosec.  of 
the  polar  distiince ;  the  log  cos.  of  J  the  sum  of  the  altitude,  lati- 
tude, and  polar  distance,  and  the  log  sin.  of  ^  the  sum  minus  the 
altitude ;  add  these  from  logs  and  divide  the  sum  by  2,  and  the 
quotient  is  the  log  sin.  of  ^  the  hour  angle.  The  steps  are  indi- 
cated in  the  following  practical  case : 
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Example:  At  sea.  May  6,  1902,  the  ship's  i>ositioii  beinor 
lat.  41°  2r>'  N,  long.  7°  820'  \V  by  account  (dead  reckoning) 
fron)  position  at  noon  on  May  5,  the  following  observations  wei'e 
made : 

Sun's  altitude,  lower  limb  29°  4' 


Time  by  ship's  clock 

7"  5;")'" 

Chronometer 

()h  7n.  511 

Log 

15 

Course  W  N  W  true 

Chronometer  correction 

_|_  4m  59. 

Index  error  of  Sextant 

1' 

Barometer 

, 

30.32  inches. 

Thermometer 

59° 

Height  of  eye 

17  ft. 

('hronometer,  May  6 

Qh  7m 

51  • 

Chronometer  correction 

_[_4m 

69» 



V 

0* 

4' 

2' 

— 

r 

42*^ 

4-  15' 

52 

-^ 

8' 

-h 

9' 

10' 

-f- 

42 

.57' 

+ 

S.5' 

0^  12°^  50»  =  Greenwich. 

Mean  time  May  6  (astronomical  time). 

Alt.  (sun's)  0  29'  41'    0^     Index  error 

Correction  (A)  9'  16"     Dip,  Bow<litch,  Table  14 

True  alt.  sun's  center  29''  50'  10"     Refraction,  Bowditch,  Table  20 

Semidiani.  Nautical  Almanac 
Parallax,  Bowditch,  Table  10 

Correction  (A) 
Declination  May  0,  )^  10°  20'  48.5  N     Hourly  diflf. 

Nautical  Almanac,  i  8.5         corr.  for  I2m. 

Corrected  Decl.  10°  20'  57"  0 

Polar  Distance  7:5°  39'    3" 

Equation  of  Time    »  3'"  20. 23*  pThc    correction    here-i 

*  '.  111  .1   fo>'  l<2m.  io  too  smaU  I 

Nautical  Almanac  )  a<lded  to  mean  time. Lto  take  account  of.       J 

At  noon,  Mav  G,  the  latitude  1)V  meridian  altitu<le  was  found 
to  be  41"^  40'  N,  tlie  loij^  read  83  and  the  c()ui"se  steered  during  the 
morning  was  W  N  W,  true.  The  distance  run  from  the  time  of 
morning  siglit  at  7:^)')  to  noon  was  given  by  the  log  33  —  15  =  18 
miles.  Table  1,  Bowditcli,  for  \V  N  \V  coin*se,  distance  18,  gives 
diff.  lat.  Ck\):  departure  16.0;  diff.  hmg.  22'. 

.-.  Lat.  by  account  at  7:55  a.m.  is  41°  4'  +  6.9'  =  41°  33.1' 
or  41°  33'. 
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Alt. 
Lat. 
Polar  Dist. 

29**  5(y  ler 

4^33'    0" 
73*39'    3' 

Sum. 
i  Sum. 

145**    2^  19* 

72**  31'    9* 
29**  6(y  16» 

This  latitude  is  to  be  used  in  working  out  the  morning  sight. 


log  sec.  0.12588 

log  cosec.  0.01793 


log  COS.  9.47767 

i  Sum.  —  Alt.  =  42**  40^  bZ'  Ion.  sin.  9.8:^20 

2)19.452H8 
7b  42ni  35>  x,u.,  log  i  sin  t  9.72634 

The  ship's  clock  gave  the  time  as  7.55  when  the  time  by  the 
sun  was  found  to  be  7.42,  wliioh  makes  the  sliip's  clock  13  minutes 
fast. 

This  is  tlie  apparent  time  at  ship  and  is  found  in  Bowditch, 
Table  44,  corresponding  log  sin.  9.72634.  As  the  chronometer 
(corrected)  gives  mean  time  it  is  necessary  to  find  the  mean  time 
at  ship  at  the  time  of  observation,  as  follows  : 

7h  42ni  35«  apparent  time 
—  3    26  Ec|.  of  time 

7^  3V*»"    «•  mean  time  at  ship. 

12 

19**  39™   9"  astronomical  mean  time  at  ship,  May  6. 

Greenwich  mean  time  (astronomical)  Ql^  12'"  50'S  May  6. 
0»»  12'"  50*  May  6  =  24»»  12'"  50«  May  5. 

19^  3^)"'    <)"  May  5. 
Subtract  4**  33"»  41"  =  long,  in  time. 

68**  25'  15"  W  long,  at  7.55. 

22  diff .  of  long. 

68**  47'  15'  W  longitude  reduced  to  noon,  May  6. 

In  practice  it  is  customary  to  work  up  the  time  sight,  using 
the  latitude  by  account,  thus  finding  at  once  the  approximate  cor- 
rection for  tlie  ship's  time.  It  must,  however,  be  worked  through 
again  to  get  the  longitude  as  indicated  by  the  problem.  It  re- 
quires practice  to  enable  one  to  handle  the  longitude  problem 
expeditiously. 

A  short  method  of  checking  the  longitude  sight  is  to  get  an 
altitude  of  the  sun  before  its  meridian  passage,  say  at  eight  or  ten 
minutes  before ;  note  the  chronometer  time  at  the  instant  of  ob- 
semng  the  altitude.  Watch  the  sun,  and  when  it  agiiin  comes  to 
the  same  altitude  note  the  chronometer  time  ;  the   mean  of  the 
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chronometer  times  gives  the  Greenwich  mean  time  of  apparent 
noon ;  this  Greenwich  mean  time  must  be  corrected  for  the  equa- 
tion of  time,  and  when  thus  corrected  it  gives  the  longitude  in 
time,  which  is  of  course  changed  into  degrees,  minutes  and  seconds. 


Pftge  from  the  Nautical  Almanac  gtvlng  right  a8ceo8ioii«  decllna* 
tlon,  etc.,  off  the  sun  corresponding  to  Qreenwlch  apparent  noon. 


AT  GREENWICH  APPARENT  NOON. 


• 

M 

• 
0 

^ 

O 

9 

O 

0 

t 

I 

Thur. 

1 

Frid. 

2 

Sat. 

3 

SUN, 

4 

Mod. 

5 

Tues. 

6 

THE  SUN'S 


Apparent 

BiRht 
Ascension. 


Diff.  for 
1  Hour. 


h  m      8 
2  31  00.58 

2  34  49.53 

2  38  39.03 


2  42  29.10 
a  46  19.74 
2  50  10.95 


s 


+  9.528 


9.551 


9.574 


4-  9.598 
9.622 


9.646 


Apparent 
Declination. 


N.14  62  24.0 
16  10  35.4 
15  28  31.8 


15  46  13.1 

16  03  38.8 


16  20  48.5 


Diff.  for 
1  Hour. 


+  45.78 
45.16 
44.54 

+  43.90 
43.24 
42.57 


Semi- 
diameter. 


/  /r 

15  53.28 

16  53.04 
15  52.81 


16  62  58 
15  52.35 


16  52.13 


Sidereal 
Time  of 

Semi- 
diameter 
Passing 

Merid- 
ian. 


8 

65.92 
66.00 
66.09 


66.17 
66.26 


66.33 


Equa- 
tion of 
Time 
to  be 
Sub> 
tracted 
from 
Appar- 
ent 
Time. 


m      8 

2  63.92 

3  01.51 
3  QS.55 


3  15.02 
3  20.91 
3  26.23 


Diff. 

for 

1  Hoar. 


8 

0.328 
O.SOo 
0.282 


0.258 
0.2:M 
0.210 


If  the  apparent  time  is  ahead  of  mean  time,  add  the  equation  of 
time  to  the  mean  chronometer  time  found  ;  if  behind  mean  time, 
subtmct  it.  The  chronometer's  correction  must  also  be  applied, 
as  in  the  longitude  problem.  This  method  should  not  be  used  in 
high  latitudes. 
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SUnNER'5  JIETHOD. 

The  following  paragrd[)h  is  taken  from  Bowditeh,  Art.  814: 
'*Bv  the  various  methods  which  have  heretofore  been  described, 
in  which  single  observations  are  alone  concerned,  the  latitude  has 
l)een  found  which  places  the  ship  upon  a  certain  east  and  west 


Page  from  ttie  Nautical  Almanac  giving  right  ascension*  declina- 
tion,  etc.,  off  tlie  sun  corresponding  to  Qreenwlch  mean  noon. 


AT  GREENWICH  MEAN  NOON. 


V 


J3 


O 

>» 

el 


I  a 

'I 


o 

>> 

fit 


THE   SUN'S 


Sat. 


Apparent 

RiKht 
Ascension. 


Dllf .  for 
1  Hour. 


Tbur.     1 
Frid.     -2 


3 


SUN.  4 
Hon.  5 
Tues.     0 


h  m      s      I         R 
2  31  01.04  :  +  ft.-">29 


2  34  50.01 
2  38  39.53 


0.552 
9.575 


2  42  29.62  .  +  9.599 


2  40  20.28 
2  5011.51 


9.623 
9.647 


Apparent 
Declination. 


o        t  It 

X.14  62  20.2 
15  10  37.7 
15  28  34.2 


15  46  15.5 

16  03  41.2 


16  20  50.9 


Diff.  for 
1  hour. 


+  45.78 
46.16 
44.54 

+  43.90 
4:^.24 
42.67 


Equa- 
tion of 
Time 
to  be 
Added  to 
Mean 
Time. 


ni      8 

2  63.94 

3  01.63 
3  08.56 


3  15.03 
3  20.92 


3  26.24 


Diff.  for 
1  Hour. 


4-  0.328 
0.305 


0.282 


+  0.258 
0.234 


0.210 


Sidereal 
Time 

or 

Right 

Ascension 

of 
Mean  Sun. 


h  m      8 
2  33  64  98 

2  37  61.64 

2  41  48.09 

2  45  44.65 
2  49  41.20 
2  53  37.75 


line ;  by  others  the  h)ngitiKle  hiis  been  found  whicli  places  the  ship 
upon  a  certain  north  and  south  line ;  but  in  neither  case  can  the 
ship  Ixj  located  upon  any  particular  pomt  of  the  line.  For  in- 
stance, by  the  A.M.  oljservation  when  the  sun  is  near  the  prime 
vertical,  the  hour  angle  is  determined  with  a  certain  degree  of 
accuracy  depending  on  the  latitude  by  account,  from  which  the 
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longitude  is  ascertained  ;  hence  the  position  of  the  ship  is  approx- 
imately known  upon  a  certain  meridian.  Again,  by  the  meridian 
observation,  when  possible  to  obtain  it,  the  position  of  the  ship  is 
known  upon  a  certain  parallel  of  latitude  ;  and  by  a  combination 
of  the  two  observations  the  ship*s  position  may  be  located  upon 
the  chart ;  but  there  has  b3en  involved  a  lapse  of  time,  whicli  under 
some  circumstances  may  be  vital  for  the  safety  of  the  ship. 

"But  by  the  Sumner  method  the  ship  is  at  once  located  upon 
a  line,  generally  oblique  to  both  parallels  and  meridians  ;  and  in 
approaching  a  dangerous  coast  the  importance  of  this  line  is 
obvious,  since  it  exhibits  on  the  cliart  the  bearing  of  the  land." 
There  are  two  distinct  cases  for  this  method  ;  namely,  by  the  alti- 
tudes of  two  objects  taken  at  the  same  time ;  for  example,  two  stare 
as  near  90°  apart  as  possible ;  and  by  altitudes  of  the  same  object, 
observed  at  different  times  ;  this  is  perhaps  the  common  case,  the 
sun  being  the  object  observed.     The  second  case  only  will  be  given. 

Stated  briefly,  Sumner's  method  consists  of  working  up  a  time 
sight  of  the  sun,  using  two  assumed  latitudes,  one  larger  and  the 
other  smaller  than  the  latitude  by  account.  This  is  worked  up  in 
the  same  manner  as  in  working  the  longitude  problem,  and  as  we 
have  used  two  different  latitudes  we  get  two  different  positions 
for  the  ship ;  plot  these  two  points  on  the  chart  and  connect  them 
by  a  straight  line,  the  ship  is  somewhere  on  that  line.  After  a  lapse 
of  about  1|  hours  get  another  altitude  of  the  sun,  note  the  course 
steered  and  the  distance  run  in  the  interval  between  sights.  Work 
this  new  sight  up,  using  the  same  two  latitudes  as  before,  plot  the 
points  found,  thus  obtaining  a  new  line  of  position  for  the  ship. 
Now  move  the  firat  line  of  position  parallel  to  itself  a  distance 
equal  to  the  run  in  the  lapse  of  time,  between  the  two  sights,  on 
the  course  made  good.  The  intersection  between  the  second  line 
of  position  and  the  first  line  moved  as  directed  is  the  position  of 
the  ship  at  the  time  of  second  observation. 

Bowditch,  Art.  318 :  ''  At  sea,  June  27, 1879,  A.M.,  observed 
the  following  altitudes  of  the  sun  to  determine  the  ship's  place 
by  the  intersection  of  the  lines  of  position ;  the  ship  having  run 
in  the  interval  25  miles  on  a  course  E  true. 

Ship's  place  by  account  first  observation  Lat.  49®  40'  N. 
Long.,  5®  53'  30"  W. 
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Ship's  place  by  account  second  observation  Lat.  49*^  40'  N. 
Long.,  5°  15'  W. 

Chro.  time,  8h.  24m.  14s.       Equ.  of  time  (1st)  +  2ni.  40s. 
Chro.  time,  lOh.  51m.  40s.     Equ.  of  time  (2d)  +  2m.  41.3s. 
O's  declination,  23°  20' 55"  N. 

O's  true  alt.  (1st)  36°  24'  20".      O's  true  alt.  (2d)  58°  9' 20^^ 
Assumed  latitudes,  49°  50'  and  49°  30'. 

Alt.     3()°  24'  20" 

log  sec 
log  cosec 


Lat.     49    50     0 
P.D.    (j6    39     5 


0.19043 
0.03711 


2)152    53   25 
^  Sum  (S)  ~76"    26    42 

36    24    20 


1  S-Alt. 


40' 


Of    0')'f 


log  COS 

log  sin 


9.36991 


9.80842 
2)19.40587 


Local  app.  time,  71i.  57m.  34s.     log  sin  |  t       9.70293   CTable  44) 
Equ.  of  time        +    2       40 

Local  mean  time,  8h.    Om.  14s. 
G'nw'h  "       "      8     24       14 


Long. 
Long. 

Oil 

6° 

Alt.   36° 

i.  24m.    Os. 
0'      0" 
24'  20" 

W.  (A) 

Lilt.   49 
P.  0.  66 

30      0 
39      .') 

log  8e(! 
log  cosec 

0.18746 
0.03711 

Sum  152 

33     25 

j  Sum    76 
36 

16     42 
24     20 

log  cos 

9.37512 

1  S  -  Alt  39 

r>2     22 

log  sin 

9.80692 
2)19.40661 

Local  app.  time,  7h.  57m.  20.7s.  log  sin  I  t      9.70330 
Eq.  time  •     2      40.0 

Local  mean  time  8      0         0.7 
G'nw'h  "        ''     8    24      14.0 

Long.  Oh.  24m.  13.38. 

Long.  6°      3'     20''  W.  (Aj) 
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We  can  now  plot  these  two  positions,  namely: 

Lat.  49°  50  N,  Long.  6°  0'  0"  W,  and  Lat.  49°  30'  N,  Long.  6^ 

8'  20''  W,  as  shown  by  Fig.  21  at  A ^  and  A^. 
Alt.     58°     9'     20" 

Lat.    49     .50        0  log  sec  0.19043 

P.  D.  66     39        5  log  cosec       0.03711 


Sum  174     38      25 

I  sum    87     19      12 

^  S-Alt.  29       9      52 


log  cos 
log  sin 


8.66985 
9.68781 


2)  18.58520 
Local  app.  time  lOh.  29m.  30.2s. log  sin  i  t  9.29260 
Eq.  of  time  2      41.3 


Local  meantime  lOh.  32m.  11.5s 
G'nw'h  "       '^      10     51      40 


Long. 

19 

28.5 

Long.                       4° 

52' 

7" 

W 

(B) 

Alt.     58° 

9' 

20" 

Lat.     49 

30 

0 

log  sec 

0.18746 

P.  D.  66 

39 

5 

log  cosec 

0.03711 

Sum  174 

18 

25 

^  Sum    87 

9 

12 

log  cos 

8.69603 

^S -Alt.  28 

59 

52 

log  sin 

9.68554 

2)18.60614 


Local  app.  time  lOh.  27m.  15.8s.  log  sin  |  t       9.80307 
Eq.  time  +2      41.3 


Local  mean  time  10    29     57.1 
Cruw'h  "        "     10    51     40 


Long.  Oil.  21  m.  43s. 

Long.  5°    25'     45"  W  (B^) 

Plot  these  two  j)ositions,  namely  : 

Lat.  49°  50'  0"  N  Long.  4°  52'  7"  W 
Lat.  49°  ;]()'  0"  N   Lonlr.  5°  25'  45"  W 

as  shcnvn  by   fig.  21    B,  W^.      Move   A,  A 2    due    east  (the  true 

ooui"se  made  good)  parallel  to  itself  25  miles  and  draw  it  as  shown 


SUMi 


NAVIGATION.  66 


by  the  dotted  line  A,  Aj.  Point  of  intei'section  O  of  dotted 
A,  Ag  and  B,  Bj  is  the  position  of  the  ship  at  time  of  second  ob- 
servation. 

The  ship  position  at  O  and  the  latitude  and  longitude  of  the 
spot  is  found  as  explained  under  the  discussion  of  charbi,  etc. 

TIDES. 

The  tide  is  the  vertical  and  horizontal  movement  of  the  sea. 
Ordinarily  the  word  tide  is  applied  merely  to  the  vertical  move- 
ment, while  the  horizontal  movements  are  called  tidal  currents. 
The  rising  of  the  water  is  called  flood  tide,  the  falling,  ebb  tide. 
The  maximum  height  is  caUed  high  water,  distinguished  by  HW, 
the  minimum  is  called  low  water  (LW).  The  difference  in  ele- 
vation between  high  and  low  water  is  called  the  range  of  the 
tide. 

COURSE  ^E  TRUE../ 
Disf:"25MrLfe    / 

LAT  49*30'q''N.y 
.     ,    LONG.  y2S'4'w4^ 

LONG.  8*3' 2Cr  W.  | 

Fig.  21. 

Theoretically  every  heavenly  body  causes  a  tide  upon  the 
earth,  but  the  only  tides  considered  are  those  caused  by  the  sun 
and  the  moon.  Tides  are  caused  by  the  differences  in  the  forces 
of  attraction  for  different  particles.  The  water  on  the  portion  of 
the  earth  under  the  moon  is  attracted  by  a  greater  force  than  that 
which  attracts  the  earth  as  a  whole.  This  force  of  attraction  tends 
to  elevate  the  sirrfiice  at  this  portion  of  the  earth.  At  the  point 
op|)osite  the  moon,  the  water  is  attracted  by  a  force  which  is  less 
than  the  average,  so  that  there  is  a  tendency  at  this  [)C)int  also  to 
elevate  the  surface.  At  points  halfway  In^tween,  the  force  tends 
to  depress  the  surface.     If  the  earth  were  set  rotating,  any  phice 
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would  pass  through  two  high  and  two  low  tides  during  one  revo- 
lution, or  one  day. 

If  the  arth,  moon  and  sun  were  at  rest  this  would  explain 
what  would  occur,  but  the  motions  of  these  bodies,  the  varying 
depth  of  the  ocean  and  the  interference  of  land,  make  the  actual 
result  quite  complicated.  ^ 

The  tides  at  any  particular  point  depend  chiefly  upon  local 
conditions,  and  cannot  be  exactly  predicted,  except  from  a  long 
series  of  observations  made  at  that  point. 

Effect  of  Changres  in  the  noon's  Declination.  When  the 
moon  is  on  the  equator  the  two  successive  high  tides  would  be  of 
nearly  the  same  height.  When, 
however,  the  moon  has  a  large 
north  or  south  declination  the 
two  tides  differ,  as  is  shown  in 
the  figure. 

The  moon  attracts  the  earth 
with  a  greater  force  than  it  does 
the  water  on  the  opposite  side,  so 
that  this  part  of  the  sea  remains 
as  it  was.  At  a  point  B,  under 
the  moon,  it  is  high  water  and 
the  depth  is  greater  tl)an  usual. 
Twelve  hours  later  the  same 
place  will  he  at  B,  where  it  will 
be  again  high  water,  but  not  as 

high  as  usual.     This  is  called  the  diurnal  inequality.     At  points 
on  the  equator  there  is  no  inequality. 

Effect  of  noon's  Distance.  When  the  moon  is  nearest  the 
earth  (at  perigee),  the  attraction  is  greater  than  the  average  and 
the  tides  are  increased.  When  the  moon  is  farthest  from  the 
earth  (at  apogee),  they  are  decreased.  Similarly,  when  the  earth 
is  nearest  the  sun  (at  perihelion),  the  attraction  is  increased.  At 
aphelion  it  is  decreased. 

The  force  causing  the  solar  tide  is  only  a  little  more  than  one- 
third  that  which  causes  the  lunar  tide.  At  new  and  full  moon, 
the  sun,  moon  and  earth  are  nearly  in  the  same  line,  so  that  the 
solar  and  limar  tides  combine  and  make  the  resulting  tides  higher 
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than  usual.  These  are  called  spring  tides.  When  the  moon  is 
90°  from  the  sun  (at  quadrature)  the  two  tides  tend  to  neutralize 
and  the  result  is  comparatively  low  tides.  These  are  called  neap 
tides. 

On  the  days  of  new  and  full  moon  high  water  follows  the 
moon's  meridian  passage  by  a  certain  interval  of  time  depending 
upon  the  place.  This  interval  is  called  the  "  establishment "  of 
that  port.  At  quadrature  the  high  tides,  although  lower  than 
usual,  will  follow  by  this  same  amount.  Between  these  two  posi- 
tions the  solar  and  lunar  tides  cohibine,  so  that  the  crest  of  the 
resulting  wave  is  between  the  two.  The  result  is  that  for  a  few 
days  after  new  or  full  moon  the  crest  of  the  wave  is  west  of  the 
lunar  tide  and  high  tide  occurs  earlier  than  the  average.  This  is 
called  the  '"  priming  "  of  the  tide.  A  few  days  before  new  or  full 
moon  the  crest  is  behind  the  lunar  tide.     This  is  called  ''  lagging." 

Effect  of  Wind  and  Chang^e  of  Air  Pressure.  When  the 
wind  blows  steadily  into  a  bay  or  harbor  the  water  is  piled  up  and 
the  height  of  tide  increased.  The  time  of  high  water  is  delayed; 
for  the  water  continues  to  flow  in  after  the  predicted  time  has 
passed,  so  that  the  maximum  does  not  occur  until  the  effect  of  the 
wind  and  the  ebb  of  the  tide  are  balanced.  When  the  pressure  of 
the  air  is  grejiter  than  usual  the  surface  of  the  water  is  depressed 
below  the  normal.  When  the  pressure  is  less,  the  height  of  the 
surface  is  greater.     The  amount  of  this  change  is  usually  small. 

Compass  Deviation  by  Azimuth  of  the  Sun.  The  handi- 
est method  to  use  at  sea  in  a  sailing  vessel,  when  an  azimuth  circle 
is  not  at  hand  and  the  apparent  time  at  ship  is  fairly  accurately 
known,  and  also  the  latitude,  is  to  fix  a  shadow  pin  (not  an  iron 
one)  erect  over  the  center  of  the  glass  over  the  compiss  and  get 
by  its  aid  the  compass  bearing  of  the  sun  ;  then  find  from  an  azi- 
muth table  the  true  azimuth  for  the  latitude,  as  explained  in  such 
tables.  The  compass  bearing  of  the  sun  should  be  corrected  to 
allow  for  the  magnetic  variation  at  the  place,  and  tlie  difference 
between  the  true  azimuth  and  the  corrected  compass  bearing  is  the 
deviation  of  the  compass. 

If  an  azimuth  table  is  not  at  hand,  the  azimuth  may  be  worked 
as  indicated  on  pages  149-153  Bowditch,  either  by  the  method  of 
time  or  altitude  azimuths  ;  the  time  azimuth  is  generally  the  best 
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method  if  the  appiirent  time  and  latitude  are  fairly  well  kno\?n. 
Thus  m.atter  is  not  explained  at  length  here,  as  such  constant  ref- 
erence to  Bowditch's  tables  have  to  be  made.  The  navigator  at 
sea  has  these  tables,  and  in  the  portion  preceding  the  tiibles  an 
explanation  of  both  time  and  altitude  azimuths  is  given. 
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LOCOMOTIVE  BOILERS  AND 

ENGINES, 

PART     I. 

The  locomotive  differs  from  the  orcUnarj'  steam  engine  only 
in  the  fact  that  the  engine  and  boiler  are  attached  to  the  same 
frame,  and  are  so  an-anged  that  the  whole  mechanism  is  self* 
propelled  over  the  track  upon  which  it  rests.  The  power  tliat  a 
locomotive  is  capable  of  developing  depends  upon  the  size  of  the 
cylinders  and  boiler.  Owing  to  transverse  limitations  imposed 
by  structures  on  either  side  of  the  track,  the  size  of  the  locomo- 
tive miist  be  kept  within  certain  limits.  Up  to  the  present  time 
it  is  the  boiler  that  sets  the  limit  to  the  power  that  a  locomotive 
is  capable  of  exerting.  Cylinders  can  easily  be  constructed  that 
will  use  all  of  the  steam  that  the  boiler  can  generate.  The 
tendency,  therefore  of  modern  locomotive  construction  lias  bfeen 
towards  an  increase  in  the  size  of  the  boiler.  The^  larger  the 
boiler,  the  greater  will  be  the  amount  of  heating  surface  that  it 
will  contain  and  the  more  steam  it  will  supply. 

The  boilers  used  upon  locomotives  are  of  a  distinct  type. 
They  consist  of  a  cylindrical  barrel  or  shell,  which  is  nearly  filled 
with  tubes.  The  back  ends  of  these  tubes  open  into  the  firebox, 
which  is  formed  by  two  plates  of  metal  spaced  from  3  in.  to  4  in. 
apart.  Such  a  boiler  is  shown  in  Fig.  1.  In  this  boiler  A  repre- 
sents the  nest  of  tubes  and  B  the  firebox.  All  locomotive  boilers 
conform  to  this  general  description.  There  are,  however,  great 
variations  in  the  shape  and  size  of  the  firebox  and  the  method  of 
staying  the  flat  surfaces. 

There  is  one  almost  universal  method  of  staying  the  flat 
surfaces  of  the  firebox  at  the  sides  and  front.  This  is  by  the  use 
of  staybolts.  These  staybolts  are  screwed  through  the  two  sheets 
of  the  firebox  and  are  riveted  over  on  the  outside. 

Fig.  2  shows  a  staybolt  screwed  into  position.  This  is  a 
common  form  but  is  not  the  best.  A  stronger  and  better  form  is 
shown  in  Fig.  3.  In  this,  the  staybolt  is  cut  away  between  the 
sheets  and  only  sufficient  thread  is  cut  at  the  ends  to  give  it  a 
hold  in  the  metal.  In  Fig.  3,  A  represents  the  inside  sheet  or 
the  one  next  the  fire  and   B   represents   the  outside  sheet.     A 
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biiiaII  hole  C  is  usually  drilled  into  the  end  of  the  staybolts  at  G. 
This  is  known  as  a  tell-tale  hole  and  serves  to  allow  an  escape  of 
water  if  the  bolt  becomes  broken.  The  tell-tale  hole  is  only  drilled 
at  the  outer  end  as  staybolts  almost  invariably  break  oflf  close  to  the 
outer  sheet.  The  crack  or  break  thus  formed,  permits  the  escape 
of  water  indicating  that  a  fracture  has  occurred. 

Staybolts  are  broken  because  of  the  bending  at  the  point  a 
(Fig.  3)  due  to  the  inequality  of  the  expansion  of  the  sheets  A 


Fig.  8. 


and  B.  The  sheet  A  being  next  to  the  fire  is  kept  at  a  higher 
temperature,  while  the  boiler  is  at*  work,  than  the  sheet  B,  which 
lies  next  to  the  air. 

In  order  to  avoid  these  bending  stresses,  a  number  of  different 
forms  of  flexible  staybolts  have  been  designed.  One  form  of  these 
is  shown  in  Fig.  4.  The  staybolt  proper  A  has  a  ball  formed  on 
one  end  and  has  a  thread  cut  on  the  other.  A  plug  sets  over  the 
ball  and  forms  a  socket  in  which  the  latter  can  turn.     As  the 
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•w. :.-.].  r.  M-.-:  "i:.-  ;>:.":. j  :'.•.»  :s  >L:ewed  the  cap/'.  Thi*n 
a>  \:.^  <::  ■':.'.:.•.•-:  :'-v>  i::  '".rr  ::.-  :nd;ieiiLe  i»f  t-xpaiL'iion  tlie 
wash'-r  :<  ':i::ir«i  i:« ::::  its  >eA:  m  the  bushiiijr.  It  i-etiirns  lo 
it  ac:ai:t  wl.t-n  ti.tr  .-te.;::!  Trtr<>iiie  tends  to  foiee  tlie  crownsbeet 
down. 

Another  fi»rm  ol  fii-xible  staylolt  is  shown  in  Fig.  8.  The 
flexibility  cfinsists  in  so  lenirthenini:  the  l)olt  bv  means  of  a  cap. 
that  tlie  beniling  an<:k*  is  lessened  with  a  corresponding  deci'ease 
in  the  strain  on  the  metal. 
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Sometimes  sling  stays    are  used  iostead  of    flexible  staya. 
is  construction  is  shown  in  Fig.  Q. 
Types.     In  the  outer  fonn  of  the  boiler  tbere  are  two  typea- 


Flg.  5. 


e  straight-top  as  illustiBted  in  Fig.  1,  and  the  wagon-top  at 
lown  in  Vig.  10.  The  wagor.-top  boiler  has  a  rise  from  the  shell 
'  the  outer  bhaet  of  the  firebox.     The  object  of  the  wagon-btp 
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sonstniction  is  to  give  additional  steam  space  within  the  boiler. 
It  was  extensively  used  a  few  years  ago.  Since  the  size  of  boilerH 
Uaa  been  increased  and  tiiey  have  been  mised  high  above  the  rails 
there  has  not  been  headi-ooni  enough  in  tunnels  and  bridges  lo 
use  tins  tyiK!  of  (-onstiucll'in.  The  straight-top  is,  theref<ire,  ikhv 
eitensively  used. 

Belpaire  Boiler.     A  form  of  boiler  known  as  the  Relpaiie  is 


now  in  common  nsc.  Tlie  ])et'iili!inty  of  this  Iwiler  lies  in  Ine 
fact  tliat  the  iinier  iuid  outer  sheets  at  the  crown  are  liori 
Kontal,  iind  the  sides  enclosing  the  space  above  the  cmwnsheetare 
vertical  tind  parallel.     This  conaimction  is  shown  in   Fi^.  11> 
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The  advantage  of  this  method  is  that  the  staybolts  holding  the 
erownsheets  and  sides  can  be  placed  at  right  angles  to  the  sheets 
into  which  they  are  screwed.  There  is,  therefore,  no  cramping  or 
bending  of  the  liolts  when  the  working  stresses  are  applied. 

Wootten  Firebox,  Where  fine  anthracite  coal  is  burned  a 
mucli  larger  lirel)ox  is  required  than  in  the  case  of  bituminous 
coal.     The  firebox  need  not,  however,  be  as  deep.     The  Wootten 


Fig.  7. 


Fig.  8. 


lirel)ox  IS  very  wide  and  very  sliallow.  The  l>oiler  is  mised  so 
that  th(^  gijites  are  above  tlie  tops  of  the  driving  wheels.  The 
firebox  can,  tlierefore,  be  ma<le  as  wide  as  tlie  clearance  s[)aces  of 
the  rojwlway  will  permit.  Such  a  firebox  is  shown  in  cross  section 
in  Fig.  12.  As  originally  designed  the  Wootten  firebox  luid  a 
combustion  chamber  between  the  throat  sheet  at  tlie  front  of  the 
gi-atfs  and  the  tubes  as  in  Fig.  13.  The  combustion  chamber  is 
represented  at  a.  The  grates  occupy  the  spjice  indicated  at  h. 
The  combustion  chamber  has  been  found  to  be  unnecessary  and 
h{is  not  been  applied  to  any  great  extent  in  recent  yeai*s. 

The  Lentz  Boiler.  The  Lentz  boiler  is  shown  in  longitudinal 
section  in  Fig.  14.  The  object  aimed  at  in  this  boiler  is  to  avoid 
the  use  of  stays.  In  order  to  accomplish  this  there  are  no  flat 
surfaces,  with  the  exception  of  the  front  and  back  tubesheets  b 
and  ^/,  and  these  are  stayed  by  the  tubes  themselves.  The  arebox 
is  formed  of  a  corrugated  sheet.  It  is  circular  and  requires  no 
staying.  The  shell  of  the  boiler  is  of  course  circular.  The  outer 
shell  of  the  firebox  is  conical.  Its  smaller  diameter  is  but  slightly 
larger  than  the  outside  diameter  of  the  furnace  to  which  it  is 
riveted  at  the  back  ring  c.  These  boilci-s  have  been  used  to  a 
considerable  extent  in  Europe,  and  a  few  have  been  built  in  this 
country. 
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rtaterials.  The  materials  used  in  the  construction  o£  loco- 
motive boilers  in  this  country  are  wrought  iron  and  mild  steel. 
Stee!  may  be  said  to  be  univeisally  used  for  the  shell,  heads  and 
jirebox  sheets.  Steel  has  also  been  used  for  tubes  and  staybolts 
but  wrought  iron  is  tlie  matfirial  in  common  use.  Wrought  iroo 
is  also  used  for  the  mud  ring  ^See  b  Fig.  1). 


Fig.  9. 


The  American  liailway  Master  Meclianics'  Association  hare 
recommended  that  the  steel  used  in  locomotive  boilen  shall  he 
homogeneous  thioughout.  That,  when  it  is  broken,  it  shall  slioff 
no  laminations  as  much  as  j  inch  in  length.  It  must  be  possiUe 
to  bend  the  metal  double  either  hot  or  cold,  witboat  baving  it 
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show  any  crack  or 
flaw,  after  it  lias  been 
heated  to  a  cherry 
red  and  quench i-il  in 
water  having  a  tem- 
perature of  85  tle- 
grees  Falirenheit. 
The  tensile  strenglh 
must  not  be  more  than 
65,000  lbs.  per  squam 
inch  of  section  or  leas 
than  55,000  lbs.  In 
the  testing  machine  a 
piece  of  the  st«el  8 
inches  long  must 
etretch  25  jier  cent  of 
its  length,  if  intended 
for  the  shell,  and  28 
per  cent  of  its  length, 
if  intended  for  the 
firebox,  l)efore  break- 
ing. There  should 
be  as  little  phos- 
jthorus,  sulphur,  man- 
ganese and  silicon  in 
the  steel  as  possibk-. 
The  carbon  sliouki  be 
as  near  .18  of  one  per 
cent  as  it  can  be 
made.  When  these 
specifications  are  met 
the  metal  will  he  soft 
and  ductile,  with 
rtmple  strength  and 
not  likely  to  break 
or  crack  under  the 
Btreeaes   to  which  it 
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will  be  subjected  while  at  work  or  in  course  of  prupiiratioii. 

Tlie  tubeti  are  made  of  soft  wruiiglit  iron  fitio  from  iiiipnritiia 
and  easily  weHeil. 

The  Iwir  iron  used  for  bmcea  and  otiier  [larts  sliould  bavc  a 
tensile  strength  of  from  50,000  lie.  to  60,000  lbs,  ]wr  squai'e  inch 
of  section.  The  Ktrength  desired  is  55,000  ]!«.  with  an  elonga- 
tion, before  breaking,  in  an  8-ineli  test  jiicce,  of  25  per  cenl^ 


ns.  n. 

Stiiybolt  iron  need  not  l)e  quite  an  etrong  iw  Itar  iron.  Th*3 
strength  desii'cd  is  50,000  lbs.  i>er  square  inch  of  section,  but  i* 
must  not  1)0  less  than  48,000  llw.  As  this  metal  is  usually 
softer  tliuii  the  bar  iron  the  elongation  is  greater  and  shouU' 
be  30  per  cent.  If  it  falls  below  28  per  cent,  tlie  metal  will  h^ 
rejected  by  reliable  builders. 
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All  iron  should  be  free  from  seams  and  iiicclianical  defects 
and  »Iio\v  a  nnifunnly  fibrous  fracture 

The  Fire  Box.  Tlie  locomotive  fireboK  is  limited  in  size  by 
tbe  otber  portions  of  the  boiler,  the  machinery  of  the  engine  and 
the  clearance  cpaces  along  the  side  of  the  road  Iior  many  years 
the  firebox  was  placed  between  the  frames  As  these  frames 
wera  at  least  S^  inches  wide,  and  an  allowance  for  clearance  of 
I  inch  on  each  side  was  made,  to  winch  3^  inches  on  each  side 
was  to  be  added  for  the  water  leg,  tbe  total  width  of  the  inside  of 
the  firobox  was  reduced  to  about  2  feet  10  inches  as  shown  in 
Fig.  5. 

In  1880  Mr    Theo  N  Fly  designed  what  is  kno^m  as  the 


Fig.  12- 

Pennsylvania  Cbiss  K.  locomotive.  In  this  engine  the  firelxjx 
was  placed  on  tlie  top  of  the  fi-aines  and  wiis  tbe  full  width  of  the 
same.  This  added  aknit  7  inches  to  the  width  of  the  tirelxix. 
The  arrangement  is  shown  in  Fig.  6. 

Placing  the  firebox  over  the  top  of  tbe  dtiving  wheels  added 
to  Uio  iKwsiblc  width.  The  width  of  this  tyjie  of  box  is  only 
limited  by  tbe  ajKice  available  for  tbe  total  widtli  of  tlie  engniu. 
It  may  l<e  made  8  j  feet  or  more  wide  over  all,  and  about  8  inches 
less  on  the  iuHide.     Such  a  box  is  sbomi  in  section  in  Fig.  12. 

When  tho  firebox  was  i)Ia<:ed  between  the  axles  the  length  of 
the  firebox  was  limited  by  the  distance  between  the  driving  wheel 
centres  and  was  rarely  made  more  than  6  feet  9  inches  long  from 
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which  the  front  and  back  water  legs  were  deducted  leaving  about 
6  feet  for  the  length  on  the  gratea.     Placing  the  firebox  on  top  of 


the  fmmes  has  made  any  length  possible,  and  the  limit  is  imposed 
by  the  capability  of  tlie  fireman  to  throw  coal  to  the  front  end  of 
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the  box.     These  lirel>oxes  are  now  made  from  11  feet  to   12  feet 
ill  lengtli. 

Shape.  The  general  shape  of  the  firebox  is  reetanguhir  in 
plan.  The  vertical  cross-section  is  approximately  balloon  sha^Knl 
as  shown  in  Figs.  5,  6,  9  and  11. 

Combustion  Chambers  are  bnt  little  used.  An  example  of 
this  type  of  firebox  is  shown  in  Fig.  13.  Combustion  ehaml>ers 
have  not  been  found  to  add  enough  to  the  steaming  qualities  of 
an  engine  to  pay  for  the  extra  expense  involved  in  their  first  cost 
and  maintenance. 

Side  Sheets.  The  side  sheets  of  a  firebox  are  usually  made 
of  sheets  thinner  than  those  of  the  shell  of  the  boiler.  They  iire 
in  the  form  of  fiat  surfaces  that  must  be  supported  by  staybolts  as 
already  described.  The  usual  thickness  of  side  sheets  for  boilers 
carrying  a  steam  pressure  of  from  180  to  200  lbs.  per  square  incli 
is  I  incli.  This  sheet  may  be  considered  as  a  number  of  rectangu- 
lar beams  fastened  at  the  ends  and  uniformily  loaded.  A  descrip- 
tion of  the  properties  of  beams  is  given  in  Mechanics.  Exi)eii- 
ments  have  shown,  however,  that  the  strength  of  flat  stayed  sur- 
faces does  not  vary  exactly  witli  the  square  of  the  thickness. 
The  formula  given  by  the  United  States  Bureau  of  Steam  Engin- 
eering for  the  calculation  of  the  stress  on  flat  stayed  surfaces  is : 

S  =  1.5  -^1^ 
(d  — a)2 

In  which 

S=  maxinunn  stress  in  lbs.  per  square  inch  to  produce  i)er- 
manent  J^et ; 

E  :=  elastic  limit  of  plate  about  32,000  lbs.  for  steel  and 
20,000  lbs.  for  iron  ; 

t  1=  thickness  of  plate ; 

d  rr:  distance  center  to  center  of  stays; 

a=  diameter  of  head  of  stay. 

ILLUSTRATIVE  EXAMPLES, 

1.     What  pressure  per  square  inch  of  surface  will  be  required 

to  give  a  permanent  set  to  a  steel  firebox  sheet?     The  thickness 

is  \  incli,  the  staybolts  are  s])ace(l  4  inches  from  center  to  center 

and  have  heads  1^  inches  in  diameter. 

Ans.  1080  pounds  per  sq.  inch. 
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2.  What  pressure  per  square  inch  of  surface  will  be  required 
to  give  a  |)ermanent  set  to  a  steel  firebox  sheet  having  a  thickness 
of  j^g  inch  with  staybolts  spaced  il  inches  from  center  to  center 
and  having  heads  1|  inches  in  diameter? 

Ans.  480  lbs. 

The  stress  put  upon  each  staybolt  is  obtained  by  squaring 
the  distance  between  centers,  subtracting  the  sectional  area  of 
the  bolt  and  multiplying  by  the  steam  pressure. 

The  sti-ess  lyev  square  inch  of  section  of  staybolt  is  obtained 
by  dividing  the  total  stress  by  the  sectional  area  of  the  staybolt. 

ILLUSTRATIVE  EXAMPLES. 

1.  (a)  What  stress  will  be  put  ui)on  each  1  inch  staybolt  of 

a  firebox  carrying  a  pressure  of  180   lbs   per   square    inch   and 

having  staybolts   spaced  4  inches  between  centers?     (b)  What 

will  be  the  stress  per  square  inch  of  section  of  staybolt  if  they 

are  1  inch  in  diameter.  .        a  2738.03  lbs. 

^"^-  b  3486.9  lbs. 

2.  (a)  What  will  be  the  stress  put  upon  each  |  inch  stay- 
bolt  of  a  firebox  cairying  a  pressure  of  160  lbs.  per  square  inch, 
with  staybolts  spaced  4^  inches  from  center  to  center?  (b)  What 
will  be  the  stress  on  each  square  inch  of  section  of  the  staybolts 

if  they  are  I  inch  in  diameter?  .        a  3143.79  lbs. 

^"'^*  h  5228.3  lbs. 

The  working  pressure  allowed  on  flat  surfaces  by  the  United 
States  Board  of  Supervising  Inspectors  of  Steam  Vessels  is  deter- 
mined by  the  following  formula,  which  is  applicable  to  firebox 
plates  having  a  thickness  of  -^^  inch  more  or  less. 

p  _  T^C 

in  which 

P  z=  the  working  pressure. 

C  =  constant  =112  for  ^^  inch  plates  Jind  under. 

C  =  constant  =  120  for  plates  more  than  -J^  inch  thick. 

D  =  distance  center  to  center  of  stajrs. 

T  =  thickness  of  plate  in  sixteenths  of  an  inch. 

The  i-ules  also  provide  that  the  stress  put  upon  a  staybolt 
shall  not  exceed  6,000  pounds  per  square  inch  of  sction. 
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EXAnPLES  FOR  PRACTICE. 

1.  What  will  be  the  allowable  working  pressure  on  a  fire- 
box having  plates  |  inch  thick  with  staybolts  4|  inches  from 
center  to  center  ?  Ans.  199.1  lbs.  per  sq.  in. 

2.  What  diameter  of  staybolts  are  to  be  used  in  Example  1  ? 
Note  that  the  effective  diameter  is  at  the  bottom  of  the  thread. 

The  average  thread  may  be  taken  as  12  per  inch.     The  diameter 
should  be  in  even  eighths  of  an  inch. 

Ans.  1^  inches  diam- 

8.  What  will  be  the  allowable  working  pressure  on  a 
firebox  having  plates  -^^  inch  thick,  with  staybolts  spaced  4J  inches 
from  center  to  center?  Ans.  a  138  lbs.  per  sq.  in. 

Tubesheets  are  usually  thicker  than  the  side  sheets.  The 
reason  is  that  there  may  be  a  greater  width  of  bearing  for 
the  tubes.  The  tubesheet  is,  therefore,  made  about  ^  inch 
thicker  than  the  side  sheets^  Thus  where  the  side  sheet  has  a 
thickness  of  |  inch,  the  tubesheet  will  be  |  inch  thick.  Below 
the  curve  of  the  shell  of  the  boiler  the  tube  sheet  is  stayed  in 
exactly  the  same  manner  as  the  side  sheets.  The  portion  facing 
the  inside  of  the  shell  is  stayed  by  the  tubes.  These  are  expanded 
and  headed  in  position  as  described  in  the  paper  devoted  to 
"Construction  of  Boilers." 

Points  of  ilaximum  Breakage  of  Staybolts.  The  cause  of 
the  breakage  of  staybolts,  due  to  the  variations  in  the  expansion 
of  the  two  sheets  of  the  water  leg,  has  already  been  explained. 
This  breakage  is  the  greatest  at  points  where  the  greatest  amount 
of  motion  ttikes  place.  As  the  two  sheets  are  rigidly  fastened  to 
the  nmd  ring,  it  is  evident  that  the  variations  of  expansion  must 
stiirt  from  that  point.  Hence  the  greatest  vertical  variation  will 
be  found  at  the  top  of  the  firebox.  In  like  manner  the  back  heads 
are  securely  fastened  by  staybolts,  so  that  the  horizontal  variations 
must  start  at  the  back  end.  Consequently  the  greatest  horizontal 
variation  will  be  found  at  the  front  end  of  the  firebox.  The 
resultant  of  these  two  expansions  will,  therefore,  be  greatest  at 
the  upper  portion  of  the  front  end.  It  is  there  that  the  greatest 
number  of  stayl)olt  breakages  occur.  In  the  application  of  the 
fiexible  staybolts,  already  described,  they  are  put  in  only  in  this 
place  where  breakage  is  most  likely  to  occur,  while  the  ordinaiy 


MA 


I/XX>MOTIVK  BOILERS  AKD  ENGINES.  J9 

form  of  Btaybolt  as  shown  in  Fig.  2,  is  used  for  the  remainder  of 
the  firebox. 

The  length  of  the  firebox  has  a  noticeable  effect  on  ataybolt 
breakage.  The  longer  the  firebox,  the  greater  the  variiitloa  in 
the  expansion  and  the  greater  the  liability  to  staybolt  break^e. 
Kg  absolutely  reliable  experiments  have  as  yet  been  made  to 
determine  just  vbat  this  variation  is  under  the  varying  conditions 
of  construction  and  pressure. 

Brick  Arches.  A  brick  arch  is  an  arrangement  placed  in 
the  firebox  to  effect  a  better  combustion  and  secure  a  more  even 
distribation  of  the  hot  gases  in  their  pass^e  tlirough  the  tubes. 


Fig.  15  represents  a  longitudinal  section  of  a  firebox  fitted  with 
a  brick  arch.  Its  method  of  action  is  very  simple.  It  acts,  at  the 
same  time,  as  a  mixer  of  the  products  of  combustion  with  the  air 
that  is  admitted  above  the  fire  and  as  a  reflector  of  the  i-adiant 
beat  of  the  fire  and  the  escaping  gases'.  It  is  also  maintained  at 
a  very  high  temperature  and,  in  thiit  condition,  it  heats  the  air 
and  gases  as  they  come  in  contact  with  it  and  turns  them  back  to 
the  narrow  opening  above  it.  Thmugh  this  threefold  method  of 
action,  it  I"A^l^^*'n«  a  temperature  that  k  high  enough  to  bum 
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with  the  smallest  possible  quantity  of  air  all  of  the  carbonic 
oxide  and  the  hydi*ocarbons  that  arise  from  the  coal.  It  thus 
eflFects  a  very  considerable  saving  in  the  cost  of  running;  dws 
away,  t/)  a  great  extent,  wdth  the  production  of  smoke  with  com- 
paratively heavy  beds  of  fire,  and  develops  a  high  calorific  power 
in  companitively  small  firel>oxes.     Tliis  is  a  valuable  property,  as 
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Fig.  10. 

it  enables  the  boiler  to  utilize  the  calorific  value  of  the  coal  to  the 
utmost. 

The  bricks  are  usually  about  four  inches  thick  and  are 
ordinarily  supported  either  by  water  tubes  extending  from  the 
tubesheet  to  the  crown  sheet,  as  shown  in  Fig.  15,  or  by 
brackets  in  the  form  of  angle  irons  riveted  to  the  side  sheets. 

I'he  disadvantage  acci-uing  from  the  use  of  the  brick  arch  is 
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hilt  it  18  Boraewhat  expenBive   to  miiiiitain  owing   to  the  rapid 
leterioratlon  ildiI  burning  out  of  ttie  biick. 

Water  Tables  were  intunded  na  a  substitute  for  the  brick 
rch.  They  have  been  miulo  and  npjiiietl  in  viuious  forms. 
)iie  of  the  eiirlior  forms  is  sliown  in  Pig.  16.  The  trouble 
riUi  this  table  was  the  deficiency  of  circalation.  Steam 
YOB  likely  to  collect  at  tlie  highest  point  and  permit  the  metal 


Fig.  17. 

»  be  bnmed.  This  was  modified  into  the  form  shown  in 
Fig.  17,  and  is  known  as  the  Buchanan  firelrax.  In  ttiis  the 
ipper  and  lower  portions  are  connected  and  the  products  of  com- 
lustioii  pass  from  tlie  fii-ehox  through  a  hole  iii  the  talJe  to  the 
:hamber.  Tubes  are  also  cx|)iindoiI  in  the  sheets  op[)oeite  the 
"oot  of  the  table  for  the  cleaning  of  the  combustion  chamber, 
riiis  table  gives  no  trouble  with  Iiuriiiiig  out  and  tlie  violent  eircu- 
ation  keeps  it  free  from  scale  and  sediment. 
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The  disadvantage  of  this  type  of  firebox  is  that  it  places 
a  large  cooling  surface  in  the  firebox  at  a  point  where  it  is 
desirable  that  the  lieat  should  be  the  most  intense,  and,  owing  to 
its  rigidity  it  is  veiy  difficult  to  keep  tight.  It  must  be  remem- 
bered that  tlie  diflFerence  between  the  temperature  of  the  firebox 
sheets  and  the  flames  may  be  1,400  to  1,600  degrees  Fahr.  Tliis 
surface,  therefore,  acts  as  a  cooling  one  on  the  fire.  This  leads 
to  the  production  of  smoke  and  cuts  down  the  completeness  of 
combustion. 

Orates.  The  grates,  upon  which  the  fuel  is  burned,  are 
placed  at  the  bottom  of  the  firebox.  The  material  of  which 
they  are  made  is  cast  iron  for  the  ordinary  type.  For  water 
grates,  wrought  iron  tubing  is  used. 

The  form  of  the  grate  and  the  dimensions  of  the  air  spaces 
between   the  bars   vary  with   the  fuel   used.     In   wood-burning 


Pig.  18 

locomotives  the  grates  are  stationary  and  are  supported  by 
brackets  bolted  to  the  mud  ring.  One  form  of  grate  for  wood- 
burning  locomotives  is  shown  in  Fig.  18.  The  air  spaces  a  and 
the  bars  b  are  of  about  the  same  width  and  vary  from  |  inch  to 
^  inch.  The  sloping  ends  cc  act  like  a  wedge,  when  the  grate 
expands,  and  push  beneath  the  ashes  that  may  have  accumulated 
at  the  ends. 

When  burning  coal  movable  grates  are  invariably  used.  A 
great  variety  of  designs  have  been  tried.  The  most  common 
form  of  grate  for  bituminous  coal  is  that  shown  in  Fig.  19. 
These  grates  consist  of  a  central  bar  cariying  the  fingers 
which  interlock  with  each  other,  fonning  the  air  spaces.  The 
grates  can  be  moved  by  a  bar  beneath  connecting  the  downwardly 
projecting  arms  of    the  several  bars.      For  dumping    they  are 
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turned  to  iin  inclined  jiosition.  At  the  frant  end  of  the  firebox 
tliere  ia  nsunlly  an  hidei^ndent  gmte  consisting  of  a  iierforated 
flat  pliite.  This  can  he  ojiei-atetl  Heparately  from  the  i-emainder 
of  the  grates.     It  is  used   when  it  is  desired  to   clean    the  fire 


Tie-  ID- 
without   dumping    the    whole.      This    plate   is    opened   and  the 
clinkers  containe<l  in  the  lied  of  coals  can  he  pnshed  through  the 
opening,   thus  fornifd,  into   the    :ish])An  l)enL>ath. 

A  modification  of  this 
grate  ia  shown  in  Fig.  20. 
It  is  the  gi-ate  used  on  the 
high-speed  express  (lassenger 
engines  of  the  Pennsylvaniit 
Railroad.  The  bars  extend 
transversely  across  the  fire- 
box, the  fliigei-a  being  10 
inches  long  measured  from 
the  end  of  one  to  the  end  of 
that  opposite  to  it.  The  l>ars  and  the  spaces  between  them  are 
J  inch  wide.  At  the  front  end  of  the  firebox  there  are  two  dead 
fia.tes.  which  occupy  33  inches,  measured  in  the  direction  of  its 
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length,  and  back  of  these  13  a  perforated  drop  plate  14  inches  wide, 
which  can  be  turaed  so  as  to  dump  the  fire  into  the  ashpan.  The 
grate-bars  are  carried  by  Ijearing-bars  bolted  to  tlie  bottom  of  the 
mud  ring.  Special  pains  have  been  tiken  to  close  all  ojieniiigs 
around  the  sides  of  the  firel)ox  so  as  to  prevent  cold  air  from  ente^ 
ing  at  such  places.      The  object  of  this  is  twofold ;  to  keep  the 
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cold  tur  away  from  the  fii-elntx  jilates,  and  to  keep  the  fire 
away  from  tliein,  as  contact  with  the  cold  ]>latcs  always  has  tlie 
effect  of  checking  combustion.  lu  these  grates  tlie  bearing-bars 
stand  away  fi'oni  the  si<Ie3  of  the  firebox.  In  order  to  close  the 
orevjces  which  are  thus  left,  east-iron  blocks  are  made  which  fit  in 
between  the  bars  and  the  plates,  with  a  flange  or  head  which 
lap  over  tlie  top  of  the  bar.  In  some  eases  inclined  plates  are 
fastened  to  the  mud-ring  and  bear  ag^iiiwt  the  sides  of  the  firel)0x, 
and  have  joints  formed  by  grooves  in  the  plates  filled  witb 
asbestos.     This  makes  them  almost  air-tight. 
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A  modification  of  these  grates  is  used  for  anthi*acite  coal. 
It  is  shown  in  Fig.  21.  Here  the  grates  occupy  the  full  length 
of  the  firebox.  They  are  divided  into  three  sections,  any  one 
of  which  can  be  moved  by  itself.  These  bars  have  fingers  10| 
inches  long  and  |  inch  wide,  with  spaces  1-^^^^  inches  wide. 

In  the  burning  of  anthracite  coal,  water  grates  are  exten- 
sively used.  The  usual  method 
of  constniction  is  shown  in  Fig. 
22.  The  grate  is  formed  of  a 
tube  a  that  is  expanded  into  a 
ferrule  in  the  back  sheets  of  the 
firebox.  It  is  inclined  from  the 
back  down  to  the  front  so  as 
to  insure  a  circulation  of  water. 
Opposite  the  back  opening  a 
plug  is  screwed  into  the  outer 
sheet.  The  hole  for  this  plug 
affords  a  means  for  cleaning  the 
tube  and  also  for  inserting  it 
Fig.  22.  in  position.     At  the  front  end 

the  tul^  is  usually  screwed  into  the  tube  sheet. 

Water  grates  are  rarely  used  alone.  They  are  usually  spaced 
some  distance  apart  and  between  them  plain  bars  are  spaced. 
These  bars  pass  through  tubes  expanded  into  the  sheets  of  the 


Fig.  23. 

back  water  leg.  By  turning  them  the  fire  may  be  shaken  and  by 
withdrawing  them  it  may  be  dumped.  A  cross  section  of  a  com- 
mon arrangement  of  the  water  tubes  and  bars  is  given  in  Fig.  23. 
In  this  A  represents  the  water  tube  and  B  the  grate  bare.  It  will 
be  seen  that  by  turning  the  l^ars  the  bed  of  the  fire  will  be  dis- 
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turbed  and  the  ashes  freed  ;  while,  by  withdrawing  the  bars,  any 
portion  of  the  fire  can  be  dumped. 

Coke  has  been  used  for  many  years  as  a  locomotive  fuel 
in  Europe.  Recently  it  has  been  intit)duced  in  this  country. 
Fig.  19  shows  a  form  of  cast-iron  grate  that  has  been  sucessfully 
apphed  both  for  coke  and  bituminous  coal.  It  greatly  facilitiites 
the  l)urning  of  coke  on  these  gnites  if  a  jet  of  steam  be  introduced 
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into  the  ash  pan  Ix^neatli.  This  cools  the  grates,  thus  preventing 
clinkers  from  adhering  and  protecting  the  grates  from  melting. 
A  better  form  of  grate  for  burning  coke  is  shown  in  Fig.  24. 
This  grate  is  formed  by  the  use  of  water  bai-s  B  running  length- 
wise the  firebox  and  spaced  alx)ut  6^  inches  from  center  to  center. 
These  water  tubes  may  be  horizontal  when  the  construction  of 
the  firebox  demands  it,  but  it  is  preferred  that  they  should  be  on 
an  incline  from  the  front  up  to  the  back.     Thev  have  an  outside 
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diameter  of  2  inches,  are  screwed  into  the  buck  tube  sheet  and  are 
held  by  a  Imshing  screwed  into  the  back  sheet  of  the  firebox. 

Between  the  tubes  there  is  a  series  of  rocking  grates  A,  that 
are  also  shown  in  detail  in  Fig.  25,  so  arranged  that  each  short 
section  with  a  length  of  alx)ut  10 J  inches  can  be  removed  and  re- 
placed in  case  it  is  injured.  The  rockers  aie  provided  with  jx)cketa 
into  which  the  short  grates  are  dropped.  These  rockers  lie  below 
the  water  bai-s  where  they  are  well  away  from  the  fire,  and  the 
lingei*s  are  so  designed  that  the  maximum  of  air  space  is  obtained 
where  there  are  no  heavy  sec- 
tions of  metal  to  become  heated, 
the  circulation  of  air  having  a 
tendency  to  keep  the  parts  in 
contact  with  the  fire  cool .  These 
grates  are  easily  rocked ;  they 
are  of  such  shape  that  they 
readily  break  the  layers  of 
clinkei*s  as  may  have  formed 
above  them,  and  there  is  an 
ample  opening  between  them 
when  they  are  tipped,  to  allow 
the  broken  masses  of  clinkers 
to  fall  into  the  ash  pan.  The 
grates  have  proven  themselves 
very  efficient  in  service. 

Ashpans  are  suspended  beneath  the  iirel)ox  for  the  purpose 
of  catching  and  carrying  the  ashes  and  coals  that  may  drop 
between  tlie  grate  bai-s.  They  are  made  of  sheet  steel.  Fig.  26 
is  a  longitudinal  section  of  an  ashpaii  that  is  ordinarily  used  on 
fireboxes  that  lie  between  the  axles  of  the  engine.  It  is  provided 
at  each  end  with  a  damper  a  hinged  at  the  top,  .and  which  may  be 
opened  and  set  in  any  desired  position  in  order  to  regulate  the 
flow  of  air  to  the  fire. 

When  the  firebox  lies  above  the  axles  the  ashpan  must  be 
cut  away  for  the  passage  of  tlu;  same.  It  is  then  divided  into 
hoppers,  iis  shown  in  Fig.  27. 

Dampers.  It  is  quit<;  important  that  the  dampers  of  loco- 
motive  ashpans   should   be    in   good    condition   and   capable   of 
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regulating  the  flow  of  air.  For  many  years  the  type  shown  in 
Fig.  26  was  almost  univenially  used  in  this  country.  Recently, 
however,  a  damper  capable  of  better  adjustment  and  one  not  as 
likely  to  become  warped,  has  been  used.     Such  a  damper  is  shovn 


in  Fig.  27.  In  this  type  the  dampers  are  placed  upon  the  front 
face  of  the  aslipans  and  nre  raised  and  lowered  hy  the  combination 
of  levers.  For  example,  the  lifting  of  the  bar  a  turns  the  bell- 
crank  d,  and  pulls  the  connections  cc,  wliich  turn  the  forward  bell- 
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crank  b.  Tlie  latter,  by  means  of  the  connection  e,  raises  the 
diiiiiper  /,  and  by  setting  the  bar  a  in  the  proper  notch  any  desired 
width  of  damper  opening  can  be  maintained.  In  like  manner 
another  bar  turning  the  bell-cranks  g  and  A  operates  the   back 
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damper  i.  Such  dampei-s  are  best  made  of  cast  iron  and  work  in 
guides  so  that  when  closed  they  aie  pmctically  airtight. 

Fuel.  The  fuel  that  is  used  upon  locomotives  depends  upon 
local  conditions  and  the  cost.  The  locomotive  fuels  that  are  now 
used  throughout  the  world  are  oil,  tar,  peat,  lignite,  wood,  anthra- 
cite coal,  bituminous  coal  and  coke.  The  principal  fuel  used  in 
the  United  States  is  bituminous  coal.  This  varies  in  composition 
and  efficiency  according  to  the  mines  from  which  it  is  taken. 
Anthracite  coal  is  largely  used  in  the  anthracite  coal  fields.  Oil 
is  used  in  Southern  California.  Coke  is  used  to  some  extent  in 
New  England  and  wood  on  a  few  small  isolated  locomotives. 

Rate  of  Combustion*  As  stated  in  Chemistry  each  pound  of 
fuel  is  capable  of  giving  out  a  ceitain  definite  number  of  heat 
units.  It  is  evident,  therefore,  that  the  more  rapid  the  combus- 
tion the  greater  the  amount  of  heat  produced  in  a  given  time. 
In  stationary  boilei-s  where  the  size  of  the  gmte  is  practically 
unlimited  the  rate  of  combustion  per  square  foot  of  grate  area  is 
from  15  pounds  to  25  pounds  per  hour.  In  locomotives,  with 
the  limited  grate  area  available,  this  rate  is  many  times  exceeded, 
rising,  at  times,  to  as  much  as  200  pounds  per  hour.  This  rapid 
combustion  results  in  a  great  loss  of  heat  and  a  fall  in  the  amount 
of  water  evaporated  per  pound  of  coal.  It  has  been  shown  that 
when  coal  is  burned  at  the  rate  of  50  pounds  per  square  foot  of 
grate  per  hour,  8|  pounds  of  water  may  be  evaporated  for  each 
pound  of  coal ;  while,  if  the  rate  of  combustion  is  increased  to 
180  |)ounds  per  square  foot  of  grate  area,  the  evaporation  will  fall 
to  about  5  jjounds,  a  loss  in  water  evaporated  per  pound  of  coal 
of  nearly  40  i)er  cent.  This  loss  may  be  due  to  a  failure  of  the 
heating  surfaces  to  absorb  properly  the  increased  volume  of  heat 
passing  over  them  or  to  the  imperfect  combustion  of  the  fuel  on 
the  grate,  or  it  may  be  due  to  a  combination  of  these  causes. 

The  results  of  experiments  show  that,  in  general,  the  most 
eflBcient  furnace  action  accompanies  the  lowest  rates  of  combus- 
tion, and  enforce  the  general  conclusion  that  very  high  rates  of 
combustion  are  not  desirable,  and,  consequently,  that  the  grate  of 
a  locomotive  should  be  made  large  so  that,  exceptionally  liigh  rates 
will  not  be  necessary. 
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With  high  rates  of  combust  ion  the  Inss  by  sparks  is  ven 
eerious  and  may  eijual  in  value  all  the  oUier  hisses  occuringnt  ths 
grate. 

Fig,  28  is  a  diagram  representing  tbe  lasses  that  ocaur,  due  to 
an  increase  in  the  ntte  of  comlmstion.  The  line  a  b  shows  tbe 
amount  of  wiiter  evajyoi-ated  per  ixmnd  of  coal  for  the  various 
rates  of  conibiistion.  Tims  with  a  r.itt;  of  itO  ivonnils  per  square 
foot  iif  gmtc  i>er  liour,  K|  pounds  <if  water  are  evajiorjited.  \Vlien 
the  late  of  coinbnation  is  raised  to  175   [Kiuiids,  only  about  5^ 
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Fig.  2S. 
pounds  of  water  are  eva|KH-iit<id.  If  it  could  be  assumed  that  the 
heat  developed  in  the  furnace  would  be  ulisorbed  with  the  same 
degree  of  completeness  foi-all  i-ates  of  combustion,  the  evajxiration 
would  rise  to  the  line  a  e;  if,  in  additi<m  to  this,  it  could  be 
assumed  that  there  weie  no  spark  loases,  the  evaporation  would 
rise  to  tbe  line  a  li ;  rinally,  if  in  addition  to  these,  it  could  lie 
assumed  that  therc  were  no  losses  by  tlie  excessiv*^  admission  ol 
air  or  by  incomplete  comliustion,  then  tlie  eva{X)ration  would 
remain  constant  for  all  rates  of  combustion,  and  would  be  repre- 
eeni«d  by  the  line  a  e. 

That  ie,  with  the  lioiler  under  normal  conditions,  the  area 
tho  represents  the  loss  occaeioued  by  deficient  heating  surfuoOi 
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the  area  a  e  d  that  occaHiniied  hy  spark  histies  aiul  tlie  area 
a  d  e  tliiit  OGcasioiiei]  by  excessive  amoiinbt  of  air  and  by  imperfect 
comb  itsti  oil. 

The  efficiency  of  ttie  Iwoniolive,  from  the  sbindpomt  of 
water  ovapurnted  per  pound  of  co»],  falls  off  us  tlie  rate  of  com- 
hiifltioii  (KT  square  f(M)t  of  grate  aren  is  increased. 


A— Tee  Head  F— Netting  K— Boiler  Front 

B-St«BmPlpe  G— ClnderTrap  L—Hewlllglit  Stand 

C— DUpbrazm  K-Cinder  Jet  Pipe  H— Hand  Bole 

I>-EihauBt>lp«  I-Sllding  DiapbrBKni  Plato  N-HaDd  Rail 

E— EihauBt  Noale  J— Dry  Pfpe  D— Uoor  Clamp 

The  Smoke  Box  ia  the  chaiiil)cr  in  front  of  tlie  boiler  into 
which  the  ga-ses  of  conibiLslioii  flow  from  tlic  tubes.  It  contaiiiti 
the  steam  pi]>eH,  exhaust  iio/.zjuft,  petticoat  pi{>e,  diaphragm  and 
netting. 

Thei'e  ai-e  two  types  of  smokelxixes  in  uae.  One  is  that 
shown  in  connection  with  the  l»iler  in  Fig.  1.  Thia  type  is 
rapidly  going  out  of  aae.     The  stuck  is  known  as  the  "  diamond." 
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and  contains  the  netting  to  prevent  the  throwing  of  sparks.  The 
exhaust  nozzles  are  surmounted  by  a  petticoat  pipe  that  serves  to 
equalize  the  draught  between  the  top  and  bottom  rows  of  tubes. 

The  second  form  of  sm<)ke1x)x  is  known  as  the  extension 
front  and,  in  some  one  of  its  numerous  forms,  is  almost  invariably 
applied  to  new  engiiie:>.  An  approved  form  of  such  a  front  is 
8ho\\Ti  in  section  in  Fig.  20.  Tlie  gases  issuing  from  the  tubes 
either  strike  against  the  diaphragm  plate  C  and  are  deflected 
downwanl  or  pass  l>eneath  it  from  the  lower  rows  of  tubes.  They 
then  turn  up  and  piiss  through  the  netting  F  and  out  at  the  stack 
which  is  located  directly  above  the  exhaust  nozzle  E. 

Exhaust  Nozzles.  The  action  of  the  exhaust  jet  is  that  it 
entrains  the  gases  of  the  smokebox  with  it.  It  does  not  fill  the 
stack  at  or  near  the  bottom.  Under  the  conditions  of  common 
practice  it  touches  the  stack  only  when  it  is  very  near  the  top. 
A  jet  of  steiim  flowing  steadily  from  the  exhaust  tip,  when  the 
engine  is  at  rest,  produces  a  draft  that  is  in  every  way  similar  to 
that  obtained  with  the  engine  running.  The  jet  acts  to  induce 
motion  in  the  particles  of  gixs  which  immediately  surround  it  and 
also  to  enfold  and  entrain  the  g«i8es  which  are  thus  made  to 
mingle  with  the  substance  of  the  jet  itself. 

The  induced  action  is  by  far  the  most  important  and  is  illus- 
trated by  Fig.  30.  The  arrows  in  this  figure  represent  approxi- 
mately the  direction  of  the  currents  surrounding  the  jets.  It 
will  be  seen  that  the  sinokebox  gases  tend  to  move  towards  the 
jet  and  not  towards  the  base  of  tlie  stack.  That  is,  the  jet,  by 
virtue  of  its  high  velocity  and  by  its  contiict  with  surrounding 
gfises,  gives  motion  to  the  particles  close  about  it,  and  these, 
moving  on  \vith  the  jet,  make  room  for  other  particles  which  are 
farther  away.  As  the  enveloping  shell  of  gas  appi-oaches  .the  top 
of  the  stack  its  velocity  increases  and  it  becomes  thinner  and 
thinner  as  shown  in  Fig.  30.  The  vacuum  in  the  stack  decreases 
towards  the  top.  Thus  the  jet  in  the  upper  portion  of  the  stack 
induces  a  vacuum  in  the  lower  portion,  just  as  the  jec,  as  a  whole, 
induces  a  vacuum  in  the  smokebox.  It  will  be  found  that  the 
highest  vacuum  is  near  the  base  of  the  stack.  It  is  higher  than 
in  the  smokebox  on  account  of  the  large  volume  of  gas  in  tbo 
latter.     It  grows  less  toward  the  top  of  the  stack. 
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Fig.  32. 

be  straight  as  in  Fig.  80  or  provided  with  a  choke  or  cod  traction 
A  as  in  Fig.  32.  Various  other  forms  are  used,  dependent  upon 
the  form  of  jet  issuing  from  the  exhaust  nozzles. 
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The  ^  diamond  **  stack.  Fig.  1,  contains  a  cone  6  for  deflect- 
ing sparks  and  a  netting  H  for  preventing  the  escape  of  large 
cinders. 

The  netting  (H  of  Fig.  1,  and  F  of  Fig.  29),  is  made  of  iron 
or  steel  wire  aliout  r^j^  inch  in  diameter.  The  meshes  are  three 
or  four  to  the  inch.  It  is  sometimes  rejJaced  by  plates  of 
sheet  metal  perforated  so  as  to  present  the  same  ohstmction  to  the 
passage  of  cinders  and  yet  allow  as  much  freedom  for  the  escape 
of  the  gases. 

Cinder  Trap.  Unless  there  is  a  very  careful  and  accurate 
adjustment  of  the  dia])liragm,  netting,  nozzles  and  other  parts, 
cinders  will  collect  in  the  front  end  of  the  extension  front.  In 
order  to  remove  them  a  trap  G,  Fig.  29,  is  placed  in  the  bottom. 
This  is  closed  hy  a  slide  that  should  fit  air-tight  in  its  casing  so 
as  to  prevent  an  ingress  of  fresh  air  into  the  smokebox.  Fresh  air 
not  only  lowers  the  vacuum  in  the  ^^mokebox  but  supplies 
oxygen  for  the  combustion  of  the  hot  cinders  that  may  have 
accumulated  therein. 

The  Diaphragm  C  (Fig.  26)  is  merely  a  deflector  plate  set 
at  an  angle  in  front  of  the  tubes.  It  is  formed  of  two  parts,  C 
and  I.  Tlie  upper  portion  C  is  fixed  while  the  lower  i)art  I  is 
adjustable.  The  adjustment  of  the  lower  portion  serves  to 
equalize  the  dnift  through  the  different  rows  of  tubes. 

Boiler  Fittings.  There  are  a  certain  number  of  fittings  that 
must  be  used  on  the  locomotive  l)oiler  in  oi"der  to  enable  the 
engineer  to  oj)enite  it  successfully  and  economically.  Thase 
fittings  consist  of  the  safety  valves,  whistle,  steam  gauge,  water 
gauges,  blower,  throttle  valve,  dry  pipe  and  injectors. 

Safety  Valves,  The  universal  practice  at  present  is  to  use 
at  least  two  safety  valves  of  the  pop  type  upon  every  locomotive 
boiler.     These  valves  are  placed  upon  the  dome. 

The  requisites  of  a  good  safety  valve  for  locomotive  work 
are  that  when  raised  the  area  for  the  escape  of  steam  should  be 
sufficient  to  allow  it  to  escape  as  lapidly  as  it  is  formed;  its 
construction  should  be  such  that  it  will  close  as  soon  as  the 
pressure  has  fallen  a  predetermined  amount  below  the  load. 

It  should  he  so  desitjned  that  it  can  neither  be  tampered  with 
nor  get  out  of  order. 


264 


LOCOMOTIVE   BOILERS   AND   ENGINES. 


81 


It  must  act  promptly  and  efficiently. 

It  must  not  be  affected  by  the  motion  of  tbe  locomotive. 

These  conditions  arc  all  met  in  tbe  valve  sliown  in  Bection  in 
Fig.  83,  which  ia  of  the  Richardson  tyjie.  In  this  design  tlie 
valve  a  rests  upon  the  seat  b  l.     The  valve  is  held  down  by  a 


«pindle  e,  the  lower  end  of  wliicb  irMn  upon  tlie  I>ottuin  of  a  bole 
JD  tbe    valve   a.     A   Ijelicid  spring  d  ivata  on  a  collar  on  the 
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spindle.  Tlie  pressure  on  the  spindle  is  regulated  by  screwing 
the  collar  e  up  or  down  in  the  nuifller  casing.  The  valve  seat 
ft  ft  may  be  rounded  as  in  Fig.  33  or  straight.  Outside  of  the 
valve  seat  there  is  a  projection  f  beneath  which  a  groove  ff  is  cut 
in  the  casing.  When  the  valve  lifts,  this  groove  is  filled  with 
steam  which  presses  against  that  portion  of  the  valve  outside  of 
the  seat  whicli,  by  thus  increasing  the  effective  area  of  the  valve, 
causes  it  to  rise  higher  and  remain  open  longer  than  it  would 
without  this  device.  The  adjustment  of  the  valve  is  usually 
made  so  that,  after  opening,  it  will  allow  steam  to  escape  until  the 
pressure  in  the  boiler  is  about  4  lbs.  per  square  inch  below  the 
normal. 

The  U-shaped,  perforated  easing  h  serves  as  a  muiBer  to 
decrease  the  noise  caused  by  the  escaping  steam.  It  does  it  by 
breaking  the  large  stream  issuing  from  the  main  valve  up  into 
a  numl>er  of  small  jets. 

The  size  of  safety  valve  to  be  used  on  steam  boilers  is  regu- 
lated, in  the  cjiso  of  marine  boilera,  by  the  United  States  Board 
of  Suj^ervising  Inspectors,  and  in  case  of  stationary  boilers  by 
vaiious  state  laws  and  local  ordinances.  The  rules  of  the  United 
States  Board  of  Su[)ervising  Inspectors  are  that  the  lever  safety 
valves  attached  to  marine  boilers  shall  have  an  area  of  not  less 
than  one  square  inch  to  two  square  feet  of  grate  area  and  that  the 
seats  of  all  such  safety  valves  sliall  have  an  angle  of  inclination 
of  45  degrees.  Spring  loaded  safety  valves  of  the  pop  type  shall 
have  an  area  of  not  less  than  one  s(|uaro  inch  to  three  square  feet 
of  gnite  surface*,  l^xeept  for  water-tube  sectional  Ix^ilera  carrying 
a  steam  pressure  of  175  pounds  per  square  inch,  the  area  of  the 
safety  valve  shall  not  be  less  than  one  square  inch  to  six  square 
feet  of  grate  area. 

Neither  the  general  government  nor  the  Individ  lal  state? 
have,  as  yet,  placed  any  regulations  upon  the  size  of  safety  valves 
m.ed  upon  locomotive  boilers.  The  practice  of  builders  is,  how- 
ever, to  use  two  or  three  valves  whose  combined  area  shall  l)e 
equal  to  one  square  inch  to  2  square  feet  of  grate  area,  with  a 
tendency  to  make  the  ratio  of  grate  to  valve  more  rather  than 
less.  This  is  especially  true  on  boilei-s  of  the  Wootten  type  where 
the  ratio  may  be  as  high  as  one  squai-e  inch  of  valve  area  to  5 
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square  feet  of  grate.     The  usaal  practice  is  to  use  2J  inch  or  3 
inch  valves. 

Whistle.  The  whistle  is  used  for  signal  purposes  and  con- 
sists of  a  thin  cylindrical  bell,  A  Fig.  31,  closed  at  the  top  and 
sharpeneil  at  the  lower  edge.  St«am  is  allowed  to  escape  from  a 
narrow  circular  orifice  B  directly  beneath  the  edge  of  the  belL 
Part  of  this  steam  enters  the  interior  and  sets  up  a  series  of 
vibrations  therein.  The  more  rapid  these  vibrations,  the  higher 
the  tone  of  the  whistle.  The  tone  is  affected  by  the  size  of  the 
bell  and  the  pressure  of  steam.  The 
larger  the  bell,  the  lower  will  be  the 
tone ;  the  higher  the  steam  pressure, 
the  liiglier  the  tone.  In  order  to  avoid 
the  shrill  noise  of  the  common  whistle, 
chime  whistles  are  used.  In  these  the 
hell  is  divided  into  the«e  compartments, 
tuned  respectively  to  the  liist,  third 
and  fifth  of  the  common  musical  scale, 
which  harmonize  and  give  an  agreeable 
chord. 

Steam  Gauges.  The  use  and  con- 
struction of  the  steam  gauge  is  fully 
explained  on  pages  27  to  80  of  Boiler 
Accessories. 

Water  Gauges  are  also  fully  ex- 
plained in  Boiler  Accessories,  pages  24 
to  27. 

The  Blower  consists  merely  of  a 
steam  ]>ipe  leading  from,  and  fitted 
with  a  valve  in  the  cab,  to  the  stack 
where  it  is  turned  upward.  The  escap- 
ing steam  gives  motion  to  the  air  therein  exactly  i 
explained  for  the  exhaust  and  thus  induces  a  draft  through  the 
firebox.  It  is  used  wheu  the  fire  is  to  be  forced  while  the  engine 
is  standing. 

TTirottle  Valve,  The  throttle  valve  now  in  universal  use  is 
the  double  seated  poppet  valve  shown  in  Fig.  85.  There  are  two 
valves  a  and  b  attached  to  a  single  stem.     The  upper  valve  a  is 
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the  larger.  The  lower  Talve  ft  is  of  sncli  a  diameter  that  it  wiU 
jnst  pass  through  the  seat  of  «•  The  steam,  therefore,  exerts  a 
pressure  on  the  lower  face  of  b  and  the  upper  face  of  «•  As  the 
area  of  a  is  the  greater  the  resultant  tendency  is  to  hold  the  valve 
closed.  The  valve  ia,  therefore,  partially  balanced.  It  is,  how- 
ever, usually  difficult  to  open  large  throttle  valves,  such  as  are 
now  used  on  locomotives  with  high  boiler  pressure,  and  with  an 
ordinary  direct  form  of 
leverage  it  is  necessary 
to  give  a  strong,  quick 
jerk  to  the  throttle  lever 
before  the  valve  can  be 
started  from  its  seat. 
The  leverage  arrange- 
ments shown  in  Fig.  85 
obvJate  this  difficulty. 
The  rod  e  connects  with 
the  lever  in  the  cab  and 
eomraunicates  its  pull 
to  the  bell  crank  d^ 
whence  it  is  carried  by 
the  stem  e  to  the  valve. 
The  pivot  of  the  bell- 
crank  is  provided  with 
a  slotted  hole.  At  the 
start  the  length  of  the 
^.ever  arm  is  about  2  J 
inches  while  the  long 
arm  is  9}  inches.  After 
the  valve  has  been  lifted 
from  its  seat  and  is  free 

from  the  excess  of  oressure  on  a,  the  projecting  horn  A  on  the 
back  of  the  bellcrank  comes  in  contact  with  the  bracket  B  on  th€ 
side  of  the  throttle  pipe  and  the  crank  takes  the  position  showr 
by  the  dotted  lines  in  the  figure.  The  end  of  the  horn  then 
becomes  the  pivot  and  the  length  of  the  short  arm  of  the  lever 
is  changed  to  9J  inches  and  of  the  long  arm  to  about  llj  inches. 
The  Dry  Pipe  is  the  name  given  to  the  pipe  M  i^owu  in 
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Fig.  1.     It  leads  from  ths  throttle  valve  to  the  front  end  of  the 
boiler.     Wlien  the  throttle  valve  is  closed  it  is  subjected  to  the 


pressure  of  steam  upon  the  outside,  and  must  be  strong  enough 
to  nitlistand  it.     It  is  made  of  wrought  or  cast  iron.     Since  the 
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introduction  of  high  steam  pressures  wrought  iron  is  generally 
used.  The  diameter  of  the  dry  pipe  depends  upon  that  of  the 
cylinders.  It  should  be  of  such  a  diameter  that  the  area  of  its 
cross  section  is  equal  to  at  least  one-twelfth  the  combined  sectional 
areas  of  the  two  cylinders. 

Injectors  are  now  universally  employed  for  delivering  the  feed- 
\\'ater  to  the  boiler.  Two  injectors  are  always  used,  either  one  ol 
which  should  have  a  capacity  suflficient  to  supply  the  boiler  with 
water  under  ordinary  working  conditions.  They  are  located  one 
on  either  side  of  the  boiler.  The  construction  and  action  of  the 
injector  is  explained  on  pages  45  to  47  of  Boiler  Accessories. 

The  Cylinder  is  one  of  the  most  important  of  the  details  of  a 
locomotive  engine.  It  is  invariably  made  of  cast  iron.  The 
design  varies  somewhat  with  the  builder,  though  in  a  genei-al  way 
that  shown  in  Fig.  36  is  the  type  ordinarily  used  in  modem 
engines.  It  is  known  as  the  cylinder  with  the  half  saddle  cast 
on.  The  saddle  consists  of  that  part  extending  from  the  frame 
1  out  to  the  face  2,  which  is  bolted  to  the  corresponding  saddle 
for  the  other  side  of  the  engine.  These  faces  are  accurately 
planed  to  fit  to  each  other,  and  to  the  frame.  The  steam  3  and 
exhaust  passages  4  are  cast  in  the  saddle,  and  in  the  best 
designs,  the  former  are  protected  by  air  spaces  for  the  prevention 
of  the  radiation  of  heat.  The  casting  is  so  made  that,  by  turning 
it  end  for  end,  one  cylinder  can  be  used  upon  either  side  of 
the  engine. 

Cylinder  specifications  usually  call  for  a  metal  that  shall  be  fine 
and  close-grained,  and  as  hard  as  can  be  worked.  The  securing 
of  the  proper  proportions  of  a  cylinder  for  a  locomotive  is  a 
matter  of  great  importance  in  locomotive  designing.  They  must 
be  large  enough  so  that  with  the  maximum  steam  pressure  of  the 
boiler  they  can  always  tarn  the  driving  wheels  when  the  loco- 
motive is  starting,  but  their  size  should  not  be  much  greater  than 
that  needed  for  that  purpose,  otherwise  the  pressure  on  the  pistons 
will  be  apt  to  slip  the  wheels  on  the  rails.  The  maximum  force 
of  the  cylinders  should,  theref  jre,  be  equal  to  the  adhesion  of  the 
wheels  to  the  rails.  This  may  be  assumed  to  be  equal  to  one- 
quarter  of  the  weight  on   the  driving  wheels.     The  maximum 
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mean  effective  piston  pressure  may  be  taken  to  be  90  per  cent,  of 
the  boiler  pressure. 

As  the  length  of  the  stroke  is  usually  fixed  by  the  convenience 
of  arrangement  and  the  diameter  of  the  driving  wheels,  the 
determination  of  the  size  of  the  cylinder  usually  consists  in  a 
calculation  of  its  diameter.  In  order  to  make  this  calculation,  the 
diameter  of  the  driving  wheels,  the  weight  on  the  driving  wheels, 
the  boiler  pressure  and  the  stroke  of  the  piston  must  be  known. 
With  this  data  the  diameter  of  the  cylinder  can  be  calculated 
as  follows: 

Divide  the  weight  on  the  driving  whads  by  four  (this  gives  the 
adhesion)  and  multiply  by  the  circumference  of  the  driving  wheels 
(thus  obtaining  the  amount  of  work  that  the  wheels  are  capable 
of  transmitting  in  one  revolution).  Then  midtiply  90  j;cr  cent,  of 
the  boiler  pressure  (or  the  maximum  mean  effective  ijressure  on 
the  pistons)  by  four  times  the  stroke  of  the  pistons  (or  the  total 
distance  traveled  by  the  two  pistons  in  one  revolution  of  the 
wheels.)  Then  divide  the  first  product  by  the  second  and  the 
quoiiimt  will  be  the  area  of  each  piston  in  square  inches. 

From  the  area  the  diameter  can  be  readily  obtained  by  the 
rules  given  in  Mensuration. 

Putting  the  above  rule  in  the  shape  of  a  formula,  w^e  have: 

w^x  c         ^  X  c 

A=-^ =_ 

.yOP'x48       14.4PXS 
or 

A  —  ^  X  D  X  3.1416_.218  W  X  D 
UAF  X~S~  P  X  S 

in  which' 

A  :^  area  of  each  piston  in  square  inches. 
■\V  --  weight  on  driving  wheels, 
C  =-  circnuiference  of  driving  wheels  =  3.1410  D, 
D  =  diameter  of  driving  wheels  in  inches, 
P  =sz  boiler  pressure  in  pounds  per  square  inch, 
S  -~  stroke  of  piston  in  inches. 
In  order  to  make  a  practical  ap[)lieation  of  this  rule,  let  us 
take  an  encrino  in  which  the  weight  on  the  drivi nor  wheels  is  05,000 

o  r^  Try  ~ 

pounds  ;  the  diameter  of  the  driving  wheels   is  62   inches  ;  the 
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boiler  presfiure  180  pounds  per  square  inch  and  the  pistx>n  stroke 
is  24  inches.     The  l.tst  formula  then  becomes: 

J18X  95J00  X  62^,,^  ,        ^^ 
■^  -  180  X  24  ^ 

or  Uie  diiiineter  of  the  cylinder  should  be  19.44  inches.     Such  a 
cylinder  would  in  pr.ictieeprobably  bemade  19  inches  in  diameter. 

ILLUSTRATIVE  EXAMPLES. 

1.  What  tflioiild  l)e  the  diameter  of  the  cylinders  of  a  loco- 
motive in  which  the  weight  on  the  driving  wheels  is  89,000  (xninds; 
the  diameter  of  the  driving  wheels  is  50  inches  ;  the  boiler  preB- 
nwva  is  150  pounds  per  square  inch,  and  the  piston  stroke  is 
24  inches?  Ans.  18^  inches. 

2.  What   should   be    the   diameter  of    the  oylindera  of   a 

o    0  locomotive  in  which  the 

weight  oil  the  driving 
wheels  is  54,000  pounds; 
the  diameter  of  the 
drivers  is  62  inches ;  the 
boiler  pressure  is  145 
jMiunds  per  square  inch, 
and  ihu  [>iston  stroke  is 
24  inches? 

Ang.  16^  inches.    Use 
16  inches. 

3.  What  diameter 
of  driving  wheels  can 
lie  used  upon  a  hKiiunotive  where  the  weight  on  the  driving 
wlieils  is  1 10,400  pounds  :  the  boiler  pi-essure  is  180  pounds  ]>er 
sqnaie  inch  ;  the  diameter  of  the  cylinder  is  19  inches  and  the 
stntku  of  the  piston  is  24  inches? 

An?.  50J  inches.     Use  51  inches. 
These  conditions  are  not   always   followed  where  cj'iinder 
dimensions  are  kksed  upon  a  short  cutroft  and  the  expansive  use 
of  steam. 

AVith  the  weight  and  diameter  of  the  driving  wheels  together 
with  the  st(!iini  pn>ssine  given,  a  figure  will  he  obtained  frem  the 
above  foi'inula  that  will  equal  the  area  of  the  piston  midtiplied  Iiy 
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&e  stroke.  These  two  dimensions  can  then  be  settled  according 
ta  convenience.  So  far  as  the  power  of  the  engine  is  concerned 
it  makes  no  difference  whether  the  cylinders  have  a  diameter  of 
16  inches  with  a  piston  stroke  of  24  inches,  or  a  diameter  of  17 
inches  and  a  piston  stroke  of  about  21.26  inches. 

The  difference  is  that,  with  the  cylinder  of  the  larger  diameter, 
the  pressure  on  the  piston,  and  consequently  on  the  crank-pin,  and 
the  stress  on  the  parts  would  be  greater  than  with  the  smaller 
cylinder. 

Piston  and  Piston-rod.  As  the  piston  is  called  upon  to  do 
the  initial  work  of  the  engine  it  must  fulfill  two  requirements: 
it  must  have  the  requisite  strength  and  it  must  have  a  steam-tight 
joint  with  the  inner  wall  of  the  cylinder.  In  oi-der  to  meet  the 
second  requirement  it  is  necessary  that  a  packing  shall  be  inserted 
in  the  rim.  Fig.  37  shows  an  approved  construction  of  pis- 
ton and  rod.  The  body  of  the  piston  A  is  a  steel  casting 
of  the  dished  type.  To  this  is  bolted  the  rim  B,  made  of 
cast  ii-on.  At  the  bottom  the  rim  may  be  widened  as  at  CC, 
so  as  to  secure  a  greater  wearing  surface.  Two  grooves  are  cut 
in  the  rim  and  into  these  are  sprung  the  two  rings  D  D.  These 
rings  are  held  out  against  the  walls  of  the  cylinder  by  their  own 
resilience.  Steam  is  prevented  from  leaking  past  the  joint  where 
they  are  split  by  a  cap  as  shown  at  the  bottom  of  the  engraving. 
The  piston-rod  E  is  made  of  steel  and  is  held  in  the  piston  by  the 
nut  F,  which  draws  the  rod  tightly  into  the  taper  fit  in  the  piston. 
At  the  crosshead  end,  the  taper  seat  G  is  drawn  tightly  into  the 
crosshead  by  a  key  that  is  not  shown.  In  calculating  the  strength 
of  the  piston-rod  it  may  be  considered  as  a  solid  circular  column 
with  a  length  equal  to  the  distance  from  the  cross-head  to  the 
piston,  that  is  called  upon  to  carry  a  load  equal  to  the  total  steam 
pressure  on  the  piston.  In  Fig,  87  let  the  distance  from  H  to  I 
be  87  inches  and  the  diameter  of  the  piston  be  19  inches.  The 
diameter  of  the  piston-rod  may  be  calculated  by  the  following 
formula  . 

.        P       Pq  P 

A=-5-+ 


S  ^  SG« 


S78 
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in  which 

A  =  ares  of  metal  in  sqnare  inches, 
P  =  breaking  strength  of  column, 
S  =  working  strength  of  the  metal, 

GP  =  — 

16 
d  =  diameter  of  piston-rod, 
q  =  a  constant, 
1  =  length  of  rod  in  inches, 
S'  =  ultimate  strength  of  the  metal. 
As  the  load  is  not  a  static  one  and  as  the  piston-rod  is  sub* 
jected  to  very  severe  jars  and  shocks,  an  exceedingly  high  factor 
of  safety  must  be  allowed.     This  should  range  from  20  to  25. 

Where  S  is  used  in  the  formula  it  should  therefore  be  from 

—  to  — 
2d      25. 


Pig.  38. 

In  Fig.  37  let  a  factor  of  safety  of  25  be  used.  P  then  becomes 
the  load  on  the  piston  or  its  area  multiplied  by  the  steam  pressure, 
which,  taken  at  180  pounds  per  square  inch  becomes 

P  ^  180  X  283.529  =  51,035.22, 
q  may  be  taken  at       1 

25,000 

8  =  the  ultimate  strength  of  the  metal  divided  by  25  = — ~ — • 
=  0,000. 
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The  equation  then  becomea 

.  _  51,035.22  51,035.22  X  1369 


6,000  X  S 
7rd2 


i,0"00  X  d3 


and 


9,375,000da 


9.488 
~da~ 


d"  =  10.82n  +  - 

<12  =11.042 

.1  =  3.41 
Such  a  rod  would  probably  be  given  a  diameter  of  3J  inches  in 
order  to  allow  for  wear. 


ILLUSTRATIVE  EXAMPLES. 

1.  What  should  l>e  the  diameK^r  of  a  piaton-rod  38  inches 
lietwt'eu  iTosj^bcad  and  juhIou;  piston  18  inches  diameter;  steam 
proMsnrLi  100  poiindn  per  square  inch  ;  factor  of  safety  22,  other 
datii  as  above  ':*  Ans.  2,9  inclies.      Use  3  inche.s. 

2.  What  should  l>e  the  diameter  <)f  a  jnston-rod  fora  17-inch 
cylinder ;  Hieaiu  pressure  150  pounds  per  square  incli ;  (listancc 
from  crossheail  to  pistfui  30  inches ;  factor  of  safety  24.  and  other 
data  ii-s  Ix'for*!?  Ans.  'J  J  inches. 

Crosshead  and  Guides.  Tlicri'  are  a  variety  of  forms  of 
crossheads  wliich  arc  adapted  to  various  types  of  enjjiues.  These 
may  be  divided  into  thiee  genend  classes  known  as  the  four-bar, 
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two-bar  and  one-bar  guides.  The  four-bar  guide  was  at  one  time 
very  extensively,  if  not  universally  used.  It  is  shown  in  side 
elevation  and  section  in  Fig.  88.  This  form  of  guide  and  cixwii- 
head  consists,  as  its  name  indicates,  of  four  bars,  A,  forming  the 
guides  witli  the  crosshead,  B,  between  them.     The  guides  may  be 


Fig.  40. 

made  of  steel,  wrought  iron  or  cast  iron.  When  wrought  iron  is 
used,  it  is  usually  cjise-hardened.  The  crosshead  is  usually  of 
cast  iron  and  is  pi-ovided  with  wearing  surfaces  of  babbitt  pinned 
to  the  cast  iron  or  of  brass  in  the  form  of  gibs.  The  guides  are 
bolted  to  guide  blocks  C  and  D  that  are  held  by  the  cylinder  head 
and  guide  yoke  E  respectively.  The  guide  yoke  E  serves  to  hold  the 
back  end  of  tlie  guides  and  is  itself  securely  bolted  to  the  frames 
and  is  usually  also  provided  with  a  brace  that  is  riveted  to  the 
boiler.     The  guide  ^oke  is  of  st^»el. 

The  two-bar  guide  with  its  crosshead  is  shown  in  Fig.  39. 


^-T 


1^1^^ 


Fig.  41. 


The  principal  difference,  aside  from  the  number  of  bars,  lies  in  the 
vertical  distance  between  them.  The  advantages  of  this  type  are 
that  the  parts  are  more  accessible  for  adjustment  and  repaii*s,  and 
tliat  a  steel  wrist-pin  can  lu'  put  in  the  crosshead.  In  the  cross- 
head  of  the   four- bar  tyjje  the  wrist- j)in   is  cast  in   solid  with  the 
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croeshead  and  must,  necessarily,  be  of  the  same  material.  The 
two-bar  crosshead  is  usually  made  of  a  steel  casting  with  wrought 
iron  or  steel  bide  plates  and  pins,  and  is  fitted  with  brass  gibs  for 
the  wearing  surfaces. 

The  one-bar  guide  is  shown  in  Fig.  40.  The  materials  used 
in  this  construction  are  the  same  as  in  the  case  of  the  two-bar 
guides.  This  crosshead  is  also  fitted  with  brass  gibs  for  the 
wearing  surfaces.  The  advantage  of  this  form  of  guide  is  that 
it  can  be  used  on  locomotives  having  small  driving  wheels  with* 
out  placing  one  of  the  guides  near  the  ground  where  it  will  be 
apt  to  be  rapidly  worn  by  the  dirt.  A  disadvantage  arises  from 
the  tendency  of  the  crosshead  to  tilt  and  thus  put  a  bending  stress 
upon  the  piston  rod.  Such  a  stress  is  apt  to  break  the  rod  at  the 
point  where  it  enters  the  crosshead. 

Another  form  of  crosshead  is  shown  in  Fig.  41,  This  is  an 
improved  form  in  which  exceedingly  large  bearing  surfaces  are 
obtained.  These  are  also  well  protected  from  the  dust  The 
guide  is  shaped  as  shown  in  the  section  at  A.  It  will  be  seen  that 
the  bearing  surface  on  the  top  of  the  crosshead  is  very  large. 
This  is  as  it  should  be  because,  when  an  engine  is  running  for- 
ward, the  angularity  of  the  connecting  rod  tends  to  lift  the  cross- 
head  on  both  the  forward  and  backward  strokes  of  the  piston. 

Connecting  Rods  are  now  invariably  made  of  steel  and  of  an 
I  section.  The  reason  for  the  use  of  tliis  section  is  that  it  makes 
it  possible  to  distribute  the  metid  to  tlie  best  advantage  and  thus 
obtain  tlie  strongest  rod  with  the  least  weight.  Fig.  42  illustrates 
a  design  of  connecting  rod  used  upon  a  modem  highnspeed  express 
passenger  locomotive.  The  brasses  A  at  the  crosshead  end  are 
adjusted  by  a  wedge  B  drawn  across  the  rod  and  bearing  against 
the  block  C  which,  in  turn,  has  a  bearing  against  the  brass  A. 
The  reason  for  using  a  key  moving  across  the  rod  is  the  lack  of 
space  wherein  to  move  it  vertically. 

At  the  cmnk-pin  end  the  rod  is  made  with  an  open  jaw  com- 
posed of  the  top  and  bottom  straps  D  and  E.  These  ai-e  con- 
nected at  the  back  by  a  filer  F.  The  brasses  are  adjusted  by  a 
key  driven  vertically  and  held  by  two  set  screws.  In  this  case 
the  oil  cups  are  forged  on  solidly  with  the  rods  and  are  closed 
by  caj)S  screwed  on. 
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Parallel  Rods  are  also  made  with  an  I  section  and  for  the 
same  reason  as  in  the  case  of  connecting  rods.  Tlie  side  rods  are 
fitted  with  brass  bushings,  A  A  of  Fig.  43,  at  the  ends.  These 
bushings  are  pressed  into  position  and  are  sonietimes  held  from 
turning  by  a  set  screw.  These  brasses  have  no  means  of  adjust- 
ment and,  when  worn,  they  most  he  replaecd  hy  new  ones  bon^d 
to  fit  the  pin. 

Tlie  stresses  to  which  parallel  and  connecting  rods  are  sub- 
jected are  very  severe.  They  are  of  a  twofold  character ;  one  is 
due  to  the  direct  thrust  of  the  piston,  the  other  is  the  centrifugal 
force  due  to  the  rotary  motion  of  the  parts.  The  latter  hiis  a 
greater  infiuence  upon  the  parallel  or  side  rod  than  upon  the  con- 
necting rod.     The   former  has  the   greater   influence   upon   the 


n«.a. 


connecting  rod.  In  an  eight^wheeled  locomotive  with  four  wheels 
coupled,  tiie  parallel  rod  is  sup|>osed  to  transmit  one-half  the 
thrust  of  the  piston  to  the  rear  wheel. 

Thfl  tin-ust  of  the  piston  u')on  tlie  rod  may  be  expressed  by 
the  foiTuuIa 

T,         PA 


in  which 


T  r=  the  thrust  on  the  parallel  rod. 

P  =  steam  pi-essure  in  pounds  per  square  inch. 

A  ~  area  of  piston^ 
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It  is,  however,  the  centrifugal  action  that  puts  the  greatest 
stress  on  the  rod.  A  calculation  of  this  stress  can  be  made  by  tho 
use  of  the  formula  for  calculating  centrifugal  force  given  in  text- 


Pig.  43. 

books  on  Mechanics.     The  rod  may  be  considered  as  a  beam  sup- 
port(»d  at  each  end  and  uniformly  loaded. 
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a  jaw  at  one  end  by  which  it  sei-ves  to  connect  the  reversing  lever 
H  and  the  lifting  shaft  K  of  Fig.  1. 

The  Lifting  Shaft  shown  at  K,  Fig.  1,  consists  of  a  shaft 
held  in  brackets,  that  ai-e  usually  bolted  to  the  frames,  to  wliich 
are  welded  three  arms  :  the  vertical  one  to  which  the  reach  rod  is 
attached  and  two  horizontal  ones  from  which  the  links  are  sus- 
pended. 

The  Link  Hanger  M  is  a  flat  biir  with  a  boss  on  each  end. 
It  carries  the  link  by  means  of  a  pin  attached  to  the  link  saddle 
as  shown  in  Fig.  3. 

The  Link  is  an  open  device,  held  by  the  saddle  and  fitted 
•with  connections  for  the  eccentric  rods.  It  is  made  of  steel  or 
wrought  iron  and  is  usually  hardened  on  the  wearing  surfaces. 


s 


Fig.  1. 

The  Eccentrics  are  usually  of  ciust  iron. 

The  Rocker  Arm,  Fig.  7,  consists  of  a  shaft  to  which  two 
arms  are  welded  or  cast.  The  lower  arm  is  attached  to  the  link 
block,  and  tlie  upper  to  the  valve  stem. 

Setting:  the  Valves.  This  is  a  comparatively  simple  opera- 
tion but  one  requirin<(  some  care.  In  the  fii*st  place  it  may 
be  stated  that  no  link  motion  can  Ik)  arranged  to  give  equal 
cut-olif  at  all  points  for  botli  strokes  of  the  piston.  The  most  sat- 
isfat'tory  arrange.neiit  is  one  that  provides  for  an  ecpialization  of 
the  lead  and  (uit-off  at  mid-gear,  which  will  cause  a  variation  of 
cut-oif  of  from  \  to  ^  of  one  per  cent,  in  the  full  gear  point  of 
cut-ofi  and  at  other  points,  which  is  due  to  the  slip  of  the  link 
block,  angularity  of  the  rods,  etc. 
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In  setting  the  valves  upon  a  locomotive,  some  means  must  be 
provided  for  turning  the  driving  wheels.  The  main  driving 
wheels  (those  to  which  the  connecting-rod  is  coupled)  are 
usually  raised  and  set  upon  rollers,  which  can  be  turned  by  a 
hand  lever  or  an  electric  motor.  The  drivers  can  thus  be  turned 
without  moving  theengine.  Where  such  a  set  of  rollers  are  not 
available  the  engine  may  be  moved  to  and  fro  over  the  tnick  by 
using  pinch  bai*s. 

The  side  rods  are  taken  down 
and  the  connecting-rods  put  in 
position  as  the  first  step.  Then 
make  an  accurate  measurement  of 
the  outside  lap  of  the  valve.  Next 
set  the  valve  in  its  central  position 
on  its  seat.  That  is  to  say,  so  that 
the  lap  on  each  side  extends  an 
equal  distance  beyond  the  ports. 
When  this  has  been  done,  make  a 
small  center-punch  mark  on  the 
flange  of  the  stuffing  box,  as  at  a 
Fig.4,  and  with  a  fixed  tram,  shaped 
as  5,  make  a  punch  mark,  as  at  <?, 
on  the  valve  stem.  It  will  always 
be  possible  then  to  set  the  valve 
in  the  central  position,  even  though 
the  steam  chest  cover  may  be  on. 

Next  adjust  the  length  of  the 
valve  rod.  To  do  this  first  set 
the  upper  arm  of  the  rocker  so 
that  it  stands  exactly  vertical  if 
the  valve  seat  is  horizontal.  If 
the  valve  seat  is  inclined  the  arm 
must  be  set  at  right  angles  to  the 
surface  of  the  seat.  Then  adjust 
the  length  of  tlie  valve  rod  so  that  it  will  unite  the  rocker  and 
the  valve  without  disturbing  the  position  of  either. 

Next  fasten  both  eccentrics  in  any  position  on  the  axle  and 
connect  the  eccentric-rods  to  the  straps  and  the  link,  which  must 


Fig-  2. 
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be  dQspended  from  the  lifting  arm  with  the  reach  rod  and  rever* 
iug  lever  in  place.  Diop  the  reversing  lever  into  the  extreme 
forward  position  and  turn  the  drivers,  noting  whether  the  valYO 
has  an  equal  amoont  of  travel  on  each  Bide  of  its  central  poeitton. 
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If  it  has  not,  adjust  the  length  of  the  forward  or  upper  eccentrio- 
roil  until  such  an  equalization  ie  olitainod.  If  tlie  valve  tmvels 
mni-e  to  the  fi-ont  than  to  the  reur  of  the  engine  the  eccentric-rod 
is  too  ijhort  and  must  be  lengthened.  If  the  exceris  of  tntve]  is  to 
tlie  rear  the  rod  is  too  long  and  must  be  shortened.  Tlien  raise 
the  link  to  the  extreme  backing  position  and  perform  the  same 
operation  on  the  lower  or  backing  eccentric-rod.  In  order  to 
check  tlie  accuracy  of  the  work  the  links  should  again  be  dropped 
into  the  exti-eme  forward  position,  and  another  test  of  the  valve 
travel  made.  The  best  method  of  measuring  this  travel  is  t« 
use  a  tram  and  scribe  a  line  on  the  valve  stem  at  the  extreme 
[mints  of  tr.ivel,  and  measure  from  these  lines  to  the  center  punch 
mark,  c  Fig,  4,  already  referred  to. 

Tlie  valve  motion  is  now  ready  for  the  setting  of  the  ecceti' 


r 

'\ 

— 

i      1 

L 

tries.  To  do  this,  first  set  the  engine  cnnk  on  the  dead  center 
The  best  way  to  do  this  is  to  make  a  inaik  on  the  guides  at  the 
extreme  point  of  ti-avel  of  the  crosshead  Then  turn  the  engine 
l)ftck  and  come  ahead  agam  until  the  crosshead  is  ^Mthin  a  half 
inch  of  its  extreme  jwint  of  travel.  With  a  tram,  as  shown  in 
Fig.  5,  resting  upon  some  fixed  point  of  the  engine,  locate  the 
point  a  on  the  side  of  the  drving  wheel.  Then  turn  the  engine 
ahead  until  the  crosshead  has  passed  the  extreme  point  of  tnivel 
and  reached  the  same  mark  as  before,  when  a  second  point  (  is  to 
l>e  located  at  the  same  distance  from  the  center  of  the  axle  as  the 
point  a.  With  a  pair  of  dividers  locate  the  point  c  midway 
between  a  and  h.  Then  turn  the  engine  until  the  tram  jroint  rests 
upon  the  point  e,  when  the  engine  will  be  ui>on  tlie  center. 

Tlie  reason  for  not  setting  the  engine  on  the  center  by  the 
crossbead  is  that  the  crank  may  move  through  an  appreciable 
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angle  while  passing  the  center  and  the  motion  of  the  crosshead 
Ije  imperceptible.  The  method  given  locates  the  center  exactly. 
The  otlier  center  should  be  established  in  the  same  way. 

Ill  setting  tlie  eccentrics  always  turn  the  engine  in  the 
direction  in  which  it  is  to  move  under  the  influence  of  the  eccen- 
trie  l)eing  set.  This  obviates  a  variation  in  the  action  of  the 
valve  due  to  lost  motion  in  the  parts. 

The  engine  being  now  placed  upon  the  center,  drop  the  link 
into  its  extreme  forward  position  and  loosen  the  eccentric.  In 
the  case  of  locomotives  with  a  rocker  shaft  having  arms  extending 
in  opposite  directions,  the  eccentric  follows  the  crank.  Turn  the 
eccentric   accordingly  until    the  valve  is  opened  by  the  desired 


Fig.  5. 


amount  of  lead.  Then  fasten  it  in  position.  Now  raise  the  link 
to  the  backing  position  and  set  the  other  eccentric  in  the  same 
manner.  Again  drop  the  link  to  the  forward  position  and  see 
whether  or  not  the  lead  has  been  changed  by  the  adjustment  of 
the  backing  eccentric.  If  it  has,  readjust  the  forward  eccentric 
to  suit  the  case,  which  means  re-setting  it  under  the  same  rule  as 
before. 

Finally  turn  the  crank  to  the  other  center  and  see  that  the 
same  lead  is  given  there.  If  not,  first  go  over  the  length  of  the 
valve-rods  and  eccentric-rods  to  ascertain  that  they  are  all  right, 
and  then,  if  the  valve  motion  is  properly  designed,  the  lead  will 
be  the  same.     In  case  this  does  not  occur,  lengthen  or  shorten 
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the  eccentric-rod,  as  the  case  demands  in  order  to  secure  equal 
lead. 

In  the  designing  of  a  link  motion  for  locomotives  the  service 
to  be  rendered  is  to  be  especially  considered.  Valves  are  designed 
differently  for  high-speed  express  than  for  low-speed  freight 
engines. 

The  first  point  to  be  settled  is  the  latest  point  of  cut-off  for 
the  engine  in  full  gear,  also  the  maximum  valve  opening  for  the 
same  position  of  the  link.  Let  the  size  of  the  steam  port  be 
determined  according  to  Valve  Geai-s,  page  30v  A  fair  average 
of  maximum  port  opening  for  full  gear  on  high  speed  engines  may 
be  taken  at  1^  times  the  width  of  the  port.  The  point  of  maxi- 
mum cut-off  may  also  be  placed  at  three-quarters  of  the  stroke. 
It  may  be  at  seven-eighths  of  the  stroke  for 
freight  locomotives.  It  then  remains  to  de- 
termine the  outside  laps  of  the  valve  and  the 
throw  of  the  eccentric.  The  latter  is  equal  ^ 
to  twice  the  valve  opening  plus  twice  the 
outside  lap.  To  determine  these  dimen- 
sions draw  any  circle  A  E  C  F,  Fig.  6,  with 
a  radius  greater  than  the  maximum  port 
opening  already  determined.  Lay  off  D  C 
on  the  diameter  A  C,  equal  to  the  port  opening  at  full  gear,  and 
erect  D  B  the  perpendicular  to  A  C.  Then  the  point  B  will 
approximately  represent  the  position  of  the  eccentric  when  the 
engine  is  on  the  forward  center. 

If  the  valve  begins  to  open  at  B  and  closes  at  G,  and  the  cut- 
off occurs  at  three-quarter  stroke,  then  the  angle  BOG  will  be  ap- 
proximately three-quarters  of  180®,  and  B  O  C  will  bear  the  same 
relation  to  90®,  and  will  be  67J®.  In  this  case  then,  the  distance 
O  D,  or  the  approximate  lap  of  the  valve,  will  be  .62  of  D  C,  and 
the  whole  diameter  A  C  or  the  throw  of  the  eccentric  will  be 
about  3|  times  the  maximum  port  opening.  This  method  will 
usually  give  decimal  dimensions.  They  can  be  changed  to  those 
generally  used  and  will  serve  as  a  guide  upon  which  to  work. 

For  example  take  a  high-speed  engine  with  a  cylinder  20 
inches  in  diameter  and  a  piston  stroke  of  28  inches.  It  is  desired 
to  design  the  valve  motion. 


Fig.  6. 


887 


10 


LOCOMOTIVE  BOILERS  AND  ENGINES. 


First  (letermine  the  size  of  the  steam  port.  This  may  be 
given  an  area  of  about  one-tenth  tliat  of  the  piston.  It  ^vill  \ye 
noticed  that  this  is  somewhat  smaller  than  the  dimensions  given 
for  stationary  engines  on  page  30  of  Valve  Geare. 

The  area  of  a  2()-inch  piston  is  314.16  square  inches.  One- 
tenth  of  that  would  l)e  31.416  square  inches.  In  case  the  port 
is  made  19  inclies  long,  tlie  width  will  be  alK)ut  1|  inches. 

If  the  nijixinium  valve  oiHjning  is  to  be  1|  times  the  poit 
opening,  it  will  l)c  al)out  2g^j  in.  Placing  the  lap  at  .62  of  the 
maximum  port  opening  it  will  be  about  IJ  inches.  Hence  the 
total  valve  travel  will  he 

(2.0:^20  +  1.2o)  X  2=6.5625  inches. 

Adjusting  these  figures  to  con- 
venient approximate  dimensions 
we  may  place  the  port  opening 
at  2  inches,  and  the  lap  at  1| 
inches  with  an  eccentric  throw 
of  6J  inches. 

Next  determine  the  length 
and  position  of  the  rocker  arms. 
When  the  arms  are  in  their  cen- 
tral positions  they  roust  stand  at 
right  angles  to  the  valve  stem 
and  a  line  drawn  from  the  lower 
arm  to  the  center  of  the  driving 
axle  respectively.  The  arms 
should  not  be  less  than  from  2\ 
to  2|  times  the  travel  of  the 
valves.  A  front  elevation  of  a 
rocker  is  shown  in  Fig.  7.  For 
the  case  in  hand  they  may  be 
made  15  inches  long.  The  proi^er 
method  of  getting  the  set-back 
of  the  lower  arm  is  to  locate  on 
a  sheet  of  drawing  paper  the 
centers  of  the  rocker  shaft  A  and 
Draw  the  line  A  B  and  from  its 
center  C,  with  C  A  iis  a  radius,  di-aw  the  arc  of  the  circle  A  D. 


Fijr.    7. 


the  main  axle  H  as  in  Fig.  8. 


(SRfi 


LOCOMOTIVE  BOILERS  AND  ENGINES.  11 

Draw  tlio  dionl  A  E  v*{un.\  to  th«  li'iij^tli  of  tlie  lower  -inii  of  tlie 
i-ocker  ami  di-.iw  tlie  vertiiiitl  lino  A  F  iit  liglit  angles  to  A  It, 
The  ditituiiue  E  F  will  then  be  tiie  uet-back  of  tlic  lower  rocker  urm. 


Fig.  8. 


The  design  of  the  lifting  shaft  comes  next.  In  this  tlie 
hniizontal  arm  slioiilil  be  of  sucli  a  length  that  it  can  swing  through 
tlic  distance  iieceiisary  fur  the  raising  and 
loweiing  of  the  link  without  describing  too 
great  an  arc.  It  is  well  to  give  it  a  length 
at  least  25  per  cent,  greater  than  the  dis- 
tance between  ttie  points  of  attachment  of  ' 
the  eccentric- rod 8  on  the  link.  The  latter 
may  be  aliout  2.5  times  the  tlirow  of  tlie 
eccentric.  Tlius  in  the  ciuie  in  liand  the  - 
jioints  of  attacliineiit  for  the  cecentrie  roda  L^ 

on  the  link  may  bo  made  16  inches  and 

the  length   of  the  lifting  arm  18  incliee.  . y 

The  link  hanger  may  have  any  convenient 
length. 

In  the  designing  of  tlie  link  the  i-adiua 
of  the  curve  m  n  (Fig.  9)  passing  through  pj     p 

the  center  of  the  slot,  should  be  equal  to 

the  distance  from  the  center  of  the  pin  at  the  lower  end  of  the 
bottom  rocker  arm  to  the  center  of  ths  main  dnving  axle.  With 
these  dimensions  fixed,  it  now  remains  to  locate  the  position  of  the 
«»ddle  pin  and  tbe  center  of  tlie  lifting  shaft- 


12 


LOCOMOTIVE  BOILERS  AND  ENGINES. 


To  do  thissiccunite- 
ly,  the  work  of  dmwiug 
should  be  done  to  a  full 
size  scale.  To  assist  in 
this  work  cut  a  template 
out  of  tin  or  thin  wood, 
as  in  Fig.  10,  represent- 
ing the  link.  In  this 
the  line  p  q  represents 
the  radius  of  curvature, 
and  the  notches  at  d  an<l 
e,  the  points  of  attach- 
ment of  the  front  and 
back  eccentric-rods  re- 
spectively. 

Plot  the  center  of 
S  the  axle  and  rocker  as  in 
^  Fig.  10.  About  the 
center  A  of  the  axle 
draw  a  circle  whose 
diameter  is  equal  to  tlie 
throw  of  the  eccentric. 
Draw  the  line  A  B  to 
represent  the  central  line 
of  motion,  and  then  draw 
the  line  C  D  at  right 
angles  to  it.  From  the 
points  E  and  F  lay  off 
the  arcs  E  G  and  F  H 
equal  to  the  lap  and 
lead  or  the  angular 
advance  of  the  eccen- 
tric. G  and  H  are  the 
positions  of  the  forward 
and  backing  eccentrics  respectively  when  the  crank  is  on  the 
forward  center.  About  the  center  O,  which  is  the  lower  end  of 
the  rocker  arm,  draw  the  circle  I  V  with  a  radius  equal  to  the  lap 
of  the  valve. 
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The  saddle  pin  should  be  so  located  that  the  point  of  ott-off 
will  he  equalized  for  half  stroke  cut-otf.  Mark  the  points  I  f  and 
\h  to  indicate  the  positions  of  the  two  eccentrics  at  half  back 
stroke,  and  \f'  and  \  V  for  the  positions  at  half  forward  stroke 
respectively.  From  each  of  these  points  draw  the  arcs  \f,  J  ft, 
J/'  and  \  h'  respectively  with  a  rudins  equal  to  the  radius  of  the 
link  less  the  distance  (/  m.  Fig.  9)  from  the  eccentric  rod-pin  to 
to  the  link  center  E.  Place  the  template  in  the  two  midgear  posi- 
tions X  and  /,  that  is  with  the  center  line  passing  through  the 
points  V  and  /  and  witli  the  points  indicating  the  eccentric  stud^ 
on  the  lines  J/',  \h  and  ^/and  \h\  respectively.  Draw  the  two 
other  center  lines  ii  a'  and   c  c*.     On   these  two  lines  locate  tJie 


Fig.  11. 


points  «  and  «'  so  that  they  shall  be  at  equal  distance  from  the 
center  lines  of  their  respective  links  and  yet  on  the  same  horizon- 
t:il  straight  line  h,  h'.  These  points  will  then  be  the  proper  location 
of  the  saddle  pin. 

To  locate  the  position  of  the  lifting  shaft,  draw  the  arcs  ff^ 
and  k  k'  with  a  radius  equal  to  the  length  of  the  link  hanger  pass- 
ing through  s  s'  and  a"  »'"  respectively.  The  centers  of  these  arcs 
I  and  K  will  be  the  location  of  the  ends  of  the  lifting  shaft  arms 
in  the  front  and  hack  half  gears.  Then,  with  a  radius  equal  to 
the  length  of  the  lifting  ami,  describe  the  arc  mm'.  The  center 
of  this  arc  at  L  will  be  the  pTOiwr  location  of  the  center  of  the 
lifting  shaft. 
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The  valve  ordinarily  used  upon  locomotives,  is  the  plain  slide 
valve,  which,  since  the  introduction  of  high  steam  pressures,  is 
always  partially  balanced.  In  the  ordinary  slide  valve  the  full 
steam  chest  pressure  is  exeited  over  the  whole  of  the  back  surface 
of  the  valve.  Balancing  consists  of  a  removal  of  a  poition  of  this 
pressure  and  thus  lowering  the  frictional  resistance  of  the  valve 
u{)on  its  seat.  The  percentage  of  this  pressure  that  is  removed  or 
the  "  amount  of  balance  "  varies  greatly.  It  runs  from  45  to  90 
per  cent,  of  the  total  face  of  the  valve.  A  fair  average  of  good 
practice  may  be  taken  as  about  65  per  cent.  In  the  valve  shown 
in  Fig.  11  the  balance  is  69  per  cent.  But  the  pinch  of  the 
packing  ring  on  the  cone  adds  somewhat  to  the  pressure  of  the 
valve  on  its  seat. 

In  Fig,  11  the  valve  1  is  of  the  ordinary  D  type  di-iven  by 
the  yoke  2.  To  the  back  of  the  valve  there  is  bolted  a  circular 
plate  3,  havhig  a  cone  turned  thereon.  On  this  cone  there 
is  fitted  a  loose  ring  4  whose  inner  face  is  beveled  to  the  same 
degree  as  the  taper  of  the  cone.  The  ring  is  cut  at  one  point  and 
is  therefore  flexible.  The  open  space  at  the  cut  in  the  ring  is 
coveied  by  an  L-shaped  clip,  which  is  placed  on  the  outside  and 
fastened  to  one  end  of  the  ring,  the  other  end  of  the  ring  remain- 
ing free.  This  L-shaped  clip  reaches  to  the  top  of  the  ring  on 
the  outside  and  under  the  ring  at  the  bottom  to  the  tixper  of  tlie 
cone.  It  thus  forms  joints  just  the  same  as  the  ring  itself,  mak- 
ing a  continuous  yet  flexible  ring.  The  ring  is  made  of  cast 
iron.  It  is  bored  smaller  tlian  the  diameter  required  for  the 
working  position ;  therefore,  before  the  steam  chest  cover  is 
placed  in  position  it  sets  slightly  liigher  on  the  cone  than  it  does 
wlien  at  work.  To  the  under  side  of  the  steam  chest  cover  G, 
there  is  bolted  a  back  plate  5,  against  which  the  ring  4,  forms  a 
steam-tight  joint.  Owmg  to  the  raised  position  of  the  ring  wlien 
fii-st  put  on,  the  placing  of  tlie  cover  and  back  plate  forces  the  ring 
down  over  the  cone.  This  expands  the  former  to  a  larger 
diiimeter  and  it  is  thus  held  in  this  expanded  position  under  ten- 
sion, with  a  tendency  to  maintain  the  joint  between  itself  and  the 
wearing  plate. 

In  order  to  provide  for  any  leakage  that  may  occur  past  the 
ring  and  to  prevent  an  accumulation  of  pressure  within  the  same, 
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holes  7,  are  drilled  through  the  studs,  8,  into  tlie  exliaust  cavity. 
ThLs  drains  the  space  and  accomplishes  the  desired  result.  When 
tlie  balanced  valve  is  used  a  relief  valve  is  placed  on  the  steam 
chest.  This  is  a  check  valve  opening  inward  and  serves  to  pre- 
vent cinders  and  smoke-box  gases  from  being  sucked  into  the 
steam  chest  through  the  exhaust  pipe  when  the  throttle  valve  is 
clased  and  the  engin(*s  running. 

Another  form  of  valve  that  is  l)eing  extensively  introduced 
is  the  piston  valve,  Fig.  12,  In  this  valve  the  steam  is  admitted 
at  the  center,  in  the  space  A,  and  is  exhausted  at  the  ends.  As 
the  steam  surrounds  the  valve  the  latter  is  self-balanced.  It  only 
remains  to  so  pack  the  ends  that  the  steam  cannot  leak  by.  This 
is  done  by  the  use  of  packing  rings.  The  packing  consists  of 
seven  i)ieces  at  each  end  numbered  1,  2,.  3  and  4.     Nos.  3  and  4. 


Fig.  12. 

are  the  packing  rings  })roper.  They  consist  of  the  split  rings,  3, 
and  the  L-shai>ed  covering  piece  4,  for  the  split  in  No.  3.  The 
rings  2  are  solid  and  serve  merely  as  surfaces  against  which  the 
rings  3  have  a  bearing.  The  wedge  ring  1  is  split  and  can  ex- 
{)and.  The  rings  3  are  turned  larger  than  the  diameter  of  the 
steam  chest  and  are  sprung  into  position.  Some  small  holes  5, 
are  drilled  from  the  steam  space  A  to  a  point  beneath  the  wedge 
ring  1 .  When  the  throttle  valve  is  opened,  steam  enters  the 
holes  5,  and  by  forcing  the  wedge  1,  out  between  the  rings  2,  it 
locks  the  packing  ring  3  firmly  between  the  ring  2  and  the  lip  of 
the  valve.  This  prevents  all  rattling  and  working  loose  of  the 
rings.  Tlie  valve  is  then  practically  a  steam-tight  plug  valve. 
In  designing  auch  a  valve  care  should  be  taken  to  have  the 
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edge  of  the  viilve  formed  by  the  edge  of  the  packing  as  in  Fig.  12. 
If  the  ijackiiig  is  flush  with  the  valve  and  set  back  from  the  edge 
as  in  Fig.  13,  the  working  results  will  be  unsatisfactory. 

The  form  of  the  D  valve  is  sometimes  modified  and  the  Allan 
valve  with  an  auxiliary  port  as  described  in  "Valve  Gears  "is 
used. 

Lap.  The  effect  of  lap  on  locomotives  with  the  valve  opei^ 
ated  by  the  Stephenson  link  motion  is  the  same  as  that  tabulated 
for  the  ordinary  slide  valve  on  page  12  of  "  Valve  Gears."  Owing 
to  tlie  difficulty  of  getting  rid  of  the  low  tension  exhaust  steam 
in  the  cylinders  of  higli-speed  locomotives,  it  has  become  common 
practice  to  give  the  valves  of  such  engines  a  negative  inside  lap  at 
at  a  in  Fig.  14,  In  this  the  width  of  the  valve  opening  is  greater 
than  the  distance  across  the  bridges  of  the  valve  seat.  The  result 
is  to  obtain  an  earlier  opening  of  the  exhaust,  less  compression, 
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Fig.  U. 


and  less  back  pi-essum.  Such  negative  lap  is  not  used  on  freight 
locomotives.  In  general  it  may  he  stated  that  the  higher  the 
speed  the  greater  the  lap  and  the  less  the  lead  that  la  used. 

Running  Gear.       This   consists   of   the   wheels,  axles,  and 


The  Driving  Wheels  are  invariably  made  with  a  cast  center 
protected  by  a  steel  tire.  The  center  may  be  of  cast  iron  or  steel. 
For  small  engines  cast  iron  is  commonly  used.  Until  about  1896 
it  was  universally  employed.  For  heavy  engines  with  large 
cylinders,  wJiere  a  saving  of  weight  is  important,  cast  steel  ls  now 
used.  A  side  elevation  of  such  a  wheel  is  shown  in  Fig,  15, 
The  usual  method  of  fa.stening  the  tire  to  the  center  is  to  bore  it 
out  a  trifle  smaller  than  the  diameter  to  which  the  center  is 
turned,  then  expand  it  liy  lieating  and,  after  slipping  it  over  the 
center  allow  it  to  contract  hy  cooling.     The  ehrinkage  used  t^ 
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milroadfl  is  j'jf  inch  per  foot  of  diameter.  In  the  case  of  large 
wlieols  of  66  inches  or  more  in  diameter,  the  tires  are  sometimes 
given  an  additional  fastening  with  Maiisell  retaining  rings.  'I'heae 
are  shown  in  Fig,  15,  and  in  section  in  Fig.  16.  The  rings  con- 
sist of  the  |)late»  A  A,  Fig.  16,  with  lijts  fitting  into  the  grooves  of 
the  tire  and  holted  to  tlie  center. 

The  Americitn  Railway  Master  Mechanics'  Association  have 
adopted  a  standai-d  form  of  wheel  tread  that  is  shown  in  section 
with  the  dimensions  in  Fig.  10. 

Axlcs&i-e  almost  nniversallv'niade  of  steel  for  driving  wbeelS) 


ng.  16. 


tmck  wlieels  and  tenders.  The  driving  Hilea  should  be  turned 
off  the  same  diameter  from  the  ends  hack  to  a  point  insidt^  tlie 
eccentric  seats.  There  should  be  no  shoulder  upon  them,  and 
the  diameter  at  the  center  may  be  a  little  less  than  at  the  ends. 
The  wheels  are  fastened  on,  first  by  pressing  on  with  a  pressure 
of  from  forty-five  to  sixty  tons,  dependent  upon  the  size  of  the 
axle,  and  then  by  keying  with  one  or  two  keys.  These  keys  must 
be  very  accumtely  fitted  and  when  two  are  iiaed  may  be  spaced 
120  degrees  apart. 
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CoHiiter-fialancinij.  The  purpose  of  adding  counter-bsilnnrp 
weights  (A  Fig.  15)  to  the  driviiig-w heels  of  Ineoniotives  is  to 
prevent  in-  niinimize  the  ati-esses  and  vibmtions  caused  liy  the 
momeiituiii  or  inertia  of  the  moving  paits  attaclied  directly  or  in- 
directly to  them.  These  are  of  two  kinds,  revolving  parts  and 
reciprocating  parts.  The  revolving  paits  can  lie  counter-balanced 
by  weights  attiiched  to  the  wheel  to  which  they  l>elong.  The 
recipi'ocutiiig  wcighta  can  only  be  ludanced  in  one  direction  by 
adding  weights  to  the 
diiving  wlieeLs,  aa  all 
weights  aildpd  after  the 
i-evolving  parts  ai-e  hal- 
ancpt],  ovei'I>alance  the 
wheel  vertically,  exactly 
to  the  same  ext^-nt  that 
they  tend  to  balance  tlie 
reciprocating  parts  hori- 
zontally. This  ovep 
balance  exerts  a  pressure 
ujion  the  rail  directly 
pro|>ortional  to  its 
w<-ight  and  to  the 
square  of  it*i  velocity. 
Athigh  speeds  thisprea- 
Bure,  which  is  added  to 
the  weight  of  the  driver 
on  the  rail,  may  l>econie 
great  ciiough  to  injure 
track  and  bridges. 

The  following  fun- 
damental principles  are, 
therefore,  laid  dowji  to  be  followed  in  counter-balancing, 

Firet:  The  weight  of  the  reciprocating  parts,  that  is  left  un- 
balanced, should  be  as  great  as  possible,  consistent  with  a  good 
riding  and  a  smooth  workiiig  engine. 

Second :  The  unbalanced  weight  of  the  reciprocating  parts, 
of  all  engines  for  similar  service,  should  be  proportional  to  the 
total  weight  of  the  engine  in  working  order* 


Fig.  16. 
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Third :  The  total  pressure  of  the  wheel  upon  the  rail  at 
maximum  speed,  when  the  counter-balance  is  down,  must  not  ex- 
ceed an  amount  depeudent  upon  the  construction  of  bridges, 
weight  of  rail,  etc.,  and,  when  the  counter-balance  is  up,  the 
centrifugal  force  must  never  be  sufficient  to  lift  the  wheel  from 
the  rail. 

In  designing  new  locomotives  the  proper  counter-balance 
weight  should  l>e  calculated  aad  cast  into  the  wheel  centers  as 
follows : 

Place  the  center  of  gravity  of  the  counterweight  opposite  the 
crank-pin  as  far  from  the  center  of  the  wheel  as  possible,  and 
have  it  come  as  near  the  piano  in  which  the  rods  move  as  proper 
clearance  will  allow.  To  obtjiin  the  weight  of  the  reciprocating 
parts  and  detachable  revolving  parts,  proceed  as  follows : 

Reciprocating^  Parts.  Take  the  s\im  of  the  weights  of  the 
piston  complete,  with  packing  rings,  pLston  rod,  crosshead  com- 
plete and  tiie  weight  of  the  front  end  of  the  connecting-rod 
complete. 

To  get  the  weight  of  the  rods  support  them  on  the  centera 
and  tiike  the  weight  there  imposed. 

Revolving^  Parts.  Weigh  the  back  end  of  the  connecting- 
rod  and  each  end  of  each  side-rod  complete.  The  sum  of  the 
weights  so  found,  which  are  attached  to  each  crank-pin,  is  the 
revolving  weight  for  that  pin. 

The  rules  for  the  counter-balancing  of  locomotive  driving 
wheels  are  as  follows : 

First.  Divide  the  total  weifjJit  of  the  engine  hy  JfOO  ;  suhtract 
the  quotient  from  the  weight  of  the  reciprocating  parts  on  one  side^ 
including  the  front  end  of  the  main  rod. 

Secoml.  Distribute  the  remainder  equally  among  all  driving 
wheels  on  one  side,  adding  to  it  the  sum  of  the  tveights  of  the  revolving 
parts  for  each  wheel  on  that  side.  The  sum  for  each  wheel,  if  placed 
at  a  distance  from  the  driving  ivheel  center  equal  to  the  length  of  the 
crank,  or  a  proportionally  less  weight  if  at  a  greater  distance,  will 
be  the  counter-balance  required. 

The  shop  method  of  adjusting  the  counter-balance  is  as  fol- 
lows :  — 
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Place  the  axle  with  the  journals  upon  straight  edges.  Level 
the  straight  edges  by  means  of  adjusting  screws.  Turn  the 
wheels  until  the  center  of  one  crank-pin  is  above  and  exactly  in 
a  vertical  line  drawn  through  the  center  of  the  axle.  Then  hang 
weights  on  the  opposite  pin  \intil  their  sum  equals  the  exact  weight 
of  all  the  detaclied  revolving  parts  on  this  wheel,  plus  the  pro- 
portion of  the  reciprocating  weights  determined  by  the  rules  given 
above.  Increase  or  decrease  the  icounter-balance  opposite  the  cnink- 
pin  until  it  exactly  balances  the  weight  thus  applied.  Repeat  this 
piocess  for  the  opposite  wheel. 

Increased  weight  of  counter-balance  can  be  obtained,  when 
necessary,  by  boring  out  cast  iron  and  substituting  lead. 

In  order  that  a  wheel  shall  never  leave  the  rail,  40  times  the 
portion  of  the  weight  of  the  reciprocating  parts  added  to  each 
wheel,  must  not  exceed  its  static  pressure  on  the  rail.  To  insure 
safety  it  should  not  exceed  75  per  cent,  of  such  pressure.  Nor 
should  this  amount,  when  added  to  the  static  wheel  pressure,  ex- 
ceed the  safe  maximum  pressure  allowed  on  track  and  bridges. 

The  reciprocating  parts  should  be  as  light  as  possible.  The 
distance  from  center  to  center  of  cylinder  should  be  as  small  as 
possible.  Locomotives  with  rods  disconnected  and  removed  should 
not  be  hauled  at  high  rates  of  speed. 

ILLUSTRATIVE  EXAMPLES. 

An  eight-wheeled  locomotive  weighing  108,000  pounds  has 
72,000  pounds  on  the  driving  wheels.  The  weight  of  the  recipro- 
cating parts  on  one  side  of  the  engine,  including  the  front  end  of 
the  connecting-rod  is  630  pounds.  The  stroke  of  the  piston  is 
24  inches.     The  diameter  of  the  driving  wheels  is  60  inches. 

1.  What  weight  of  reciprocating  parts  should  be  counter- 
balanced? Afis.  360  pounds. 

2.  What  weight  must  be  added  to  each  driving  wheel  if  the 
center  of  gravity  of  the  counter-balance  thus  added  is  20  inches 
from  the  center  of  the  wheel  ?  A718.  108  ix)unds. 

3.  At  a  speed  of  60  miles  per  hour,  what  increase,  over  the 
static  load,  will  the  counter-balance  given  in  example  2  put  upon 
the  track,  due  to  its  centrifugal  force?  Afi«.  G,700  pounds. 
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4.  Wbat  is  the  maximum  weight  of  the  reciprocating  paits 
of  this  engine  tliat  Ciin  be  counter-balanced  with  safety. 

Ana.  AU. 

Trucks.  There  are  two  types  of  trucks  used  under  the 
front  end  of  locomotives :  the  two-wheeled  or  pony  truck  and  the 
foup-wheeled. 


Fig.  17. 

The  two-wheeled  truck  is  shown  in  Fig.  17.  The  easential 
elements  of  the  pony  truck  are  the  frame  1,  which  carries  the 
weight  at  the  front  end  of  the  engine,  and  the  radius  bars  2.  The 
latter  are  pivoted  to  a  cross  bar  3,  that  ia  rigidly  bolted  to  the 
engine  frames  4. 

It  is  evident  that  if  the  truck  were  to  be  merely  pivoted 
midway  between  the  wheels,  with  no  other  fastening,  there  would 


22  LOCOMOtiVP:  BOILERS  AND  ENGINES. 

be  nothing  to  prevent  it  from  swinging  around  and  becoming 
derailed  as  soon  as  there  wiis  any  inequality  in  the  resistance  to 
the  advancement  of  the  wheels.  In  order  to  prevent  this  tlie 
triick  is  steadied  by  radius  bars  pivoted  to  the  frame  and  a  side 
play  is  allowed  at  the  center  plate. 

In  order  to  hold  the  truck  and,  at  the  same  time,  prevent 
excessive  flange  wear,  it  is  necessaiy  that  the  length  of  the  radius 
bar  measure<l  from  the  axle  center  to  its  pivot  should  be  carefully 
proi)orti()ned. 

The  formula  used  for  this  purpose  is  as  follows : 

in  which 

R  =  Length  of  rigid  wheel  base. 

D  =  Distance  of  front  flanged  driver  axle  to  center  of  truck. 

X=  Lensrth  of  radius  bar. 

ILLUSTRATIVE  EXAMPLES. 

What  should  be  the  l(»ngth  of  the  radius  bar  in  a  locomotive 
havinu^  all  drivers  flanged,  a  rigid  wheel  base  14  feet  long,  and  7 
feet  i)  inches  from  the  front  driver  to  the  truck  center? 

Ans.  5  ft.  6.72  inches. 

With  the  pony  truck,  the  weight  is  usually  placed  upon  it  by 
means  of  an  ecpializing  lever  5.  This  equalizing  lever  hiis  a  ful- 
crum at  0  l)eneath  tlio  cylinders  where  the  weight  is  applied.  It 
rests  at  10  upon  a  cross-bar  that  is  carried  by  the  driving  wheel 
springs.  At  the  truck  end  the  equalizer  is  carried  by  a  pin  8 
whose  nut  rests  ui)on  a  cap  carried  by  the  sleeve  9  that  is  su|> 
ported  by  the  center-plate.  The  latter  is  held  by  springs  swung 
in  hancrers.  The  details  of  these  trucks  vary  with  the  builclei 
but  they  follow,  in  general  outline,  that  given.  The  proporlion- 
ino"  of  the  weights  on  the  truck  and  driving  wheels  depends  ujk)!! 
the  relative  lengths  of  the  distjinces  from  6  to  7  and  6  to  10. 
The  diameter  of  the  wheels  of  a  pony  truck  varies  with  the  engine. 
The  average  diameter  is  from  28  to  30  inches. 

The  four-wheeled  or  bogie  truck  is  shown  in  Fig.  18.  This 
truck  is  of  an  exceedingly  simple  construction.     It  consists  of  » 
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rectangular  fninie  A  carrying  u  centor-iilate  It.  The  frame  la 
supported  by  two  semi-elliptic  spriiiga  C  enapended  fi-om  the 
equalizei'8  D  whieli  rest  directly  upon  the  axle  boxes  E.  The 
journals  are  inside  the  wheels  vhich  vary  in  diameter  from  28  to 
36  inches.  The  truck  serves  as  a  guide  to  carry  the  front  end  of 
the  engine  which  is  pivoted  on  the  center-plat«. 

Types  of  Locomotives.  The  variations  in  the  constmction 
of  locomotives  are  almost  numberless  owing  to  the  differences  in 
the  services  for  which  they  are  intended.  These  variations  may, 
however,  be  classified  according  to  the  arrangements  of  the  wheel 
bases. 


Fig.  18. 


Four- Wheeled  Switchinij.  This  is  a  type  of  engine  that  is 
extensively  nsed  where  the  service  is  compamtively  light  or  where 
there  is  a  limit  to  the  length  of  the  engine  that  can  be  used. 
Such  an  engine  is  shown  in  outline  in  Fig.  19.  It  is  carried  on 
two  paire  of  driving  wheels  and  may  or  may  not  be  jirovided  with 
a  tender  for  coal  and  water.  In  Fig.  1 9,  an  engine  is  shown  in 
which  the  water  is  eaiTied  in  a  saddle-tank  on  top  of  the  boilet 
Coal  is  can-ied  in  a  small  bunker  at  the  back  of  the  c»b.     Owing 
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to  their  short  wheel  base  these  engines  are  not  adapted  to  run  at 
even  moderately  high  speeds.  Slight  inequalities  of  the  track 
cause  them  to  teeter,  which,  if  intensified,  will  put  such  a  stress 
upon  the  springs  as  to  break  them. 

Eight-Wheeled  Locomotive,     The  type    of  engine,  shown  in 
Fig.  20,  was  for  many  years  the  standard  used  upon  all  tlie  roads 


Fi^r.  19. 

of  the  United  States  for  both  passenger  and  freight  service.  It  is 
known,  therefore,  as  the  American  type  of  locomotive.  Like  the 
switching  engine  of  Fig.  19,  it  has  four  driving  wlieels,  but  lias, 
in  addition,  a  four-wlieeled  or  bogie  truck  under  the  front  end 
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Fig.  20. 

The  sizes  of  the  cylinders  vary  with  the  service  in  which  the 
engine  is  to  be  engaged.  They  may  be  said  to  run  from  a  diameter 
of  from  16  to  20  inches  with  a  stroke  of  24  or  26  inches.  These 
engines  are  invariably  supplied  with  a  tender  to  carry  coal  and 
water.  Owing  to  their  sliort  rigid  wheel  base  and  the  flexibility 
given  them  by  the  bogie  truck   they  are  especially  adapted  for 
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high  speed  express  passenger  service.     They  have,  however,  been 
supplanted  by  other  types  for  freight  work. 

Forney  Locomotive,  This  engine,  Fig.  21,  is  named  after 
its  original  designer,  Mr.  M.  N.  Forney.  In  all  essential  particu- 
lars it  is  an  eight-wheeled  engine.  The  bogie  truck  is  merely 
phiced  at  the  back  instead  of  the  front.  The  four  driving  wlieels 
carry  the  weight  of  the  engine  as  in  Fig.  19.  The  frames  are 
extended  back  of  the  cab  and  the  water-tank  and  coal-box  are 
placed  upon  them.  The  bogie  truck  carries  the  weight  of  the 
coal  and  water.  These  engines  were  originally  designed  for  sub- 
urban service  where  trains  are  run  at  frequent  intervals  and  it 
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Fig.  21. 


was  desired  to  avoid  the  delays  due  to  the  turning  of  the  engine 
at  the  end  of  each  trip.  They  have  been  extensively  used  for 
such  purposes.  They  were  also  the  standard  type  of  engine  used 
on  all  elevated  I'ailroads  in  New  York  and  Chicago  before  the 
adoption  of  electricity  as  a  motive  power. 

Columbia.  Another  modification  of  the  eight-wheeled  loco- 
motive is  found  in  the  Columbia.  This  engine  is  shown  in  Fig. 
22  and  is  interesting  merely  because  it  was  the  predecessor  of  the 
Atlantic  type.  Only  one  lias  been  built.  It  has  two  pairs  of 
driving  wheels  with  a  pony  truck  under  the  front  end  and  a  pair 
of  trailing  wheels  to  carry  the  fire-box.  The  back  pair  of  driving 
wheels  are  the  main  drivera.     The  fire-box  is  back  of  the  rear  pair 
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of  drivers.  The  object  of  this  foi-m  of  construction  was  to  obtain 
a  wide  and  deep  fire-box.  The  width  is  only  limited  by  the  side 
clearances  of  the  road^vay  and  the  depth  may  be  sufficient  for  soft 
coal  or  coke. 

Allantia.       This   type.    Fig.    23,  is   a   modification    of   the 
Columbia.    The  difference  lies  in  the  substitution  of  a  four-wheeled 


Fig.  28. 


for  a  bogie  truck  at  the  front  end.  Its  name  is  derived  from  the 
fact  that  it  was  first  used  on  the  line  between  Camden  and 
Atlantic  City,  N.  J,  Hoth  the  Columbia  and  Atlantic  types  are 
designed  for  veiy  high  speed  passenger  service.     The  short  rigid 


wheel  base   and  flexibility  at  the  fi-ont  and  back  contribute  to 
this  end. 

Sin;/le  Driver  locomotives  are  seldom  used  in  the  United 
States  except  as  special  engines,  such  as  superintendents'  and 
roadmastera'  locomotives.  A  few  have  been  built  for  express 
passenger  service  like  that  shown  in  Fig.  24.  Tliey  have,  how- 
ever, lieen  supplanted  by  locomotives  of  the  Atlantic  type. 
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Sir-Wheeled  Switcher.  The  6imi)lest  form  of  locomotive 
liaving  three  [liiiia  of  Jriving  wheels  is  found  in  the  aix-wlieeled 
switching  locomotive.  Fig.  25.  These  engines  j>osseaa  an  advan- 
tage over  the  four-wheeled  type,  in  that  they  are  more  powerful. 
The  enguie  is  carried  on  tlie  six  driving  wheels.     It  is  provided 


with    a   tender.     The    back    of    the    latter    is    sloped    down    to 
enable  the  eiigineer  to  see  the  track  close  to  the  engine  at  the 
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Mogul.  The  mogul  type  of  locomotive.  Fig.  26,  has  three 
pairs  of  driving  wheels  and  a  pony  truck  aliead.  Its  name  was 
originally  a  shop  nickname  indicative  of  lai^e  size.  It  was  at 
firet  intenilod  for  frnicrht  serviec,  but  it  is  frequently  used  for  the 
hauling  of  heavy  passenger  trains.  Tlie  object  of  the  design  is 
to  obtain  a  greater  tractive  force  on  the  driving  wheels  than  is 
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possible  on  four,  as  is  the  case  of  the  American  type  of  locomo- 
tive. In  mogul  locomotives  the  middle  pair  of  wheels  are  the 
main  drivers  and  the  parallel  rods  i-un  forward  and  back  to  the 
others. 

Ten- Wheeled   Locomotive-       This    engine,    Fig.    27,    as    its 
name   indioates,   is    carried    on   ten   wheels.      Six   of   them   are 


Fig.  26. 
driving  wheels  and  four  are  in  a  truck  forward,  similar  to  that 
shovvii  in  Fig,  18.  This  type  of  engine  was  designed  for  the 
hauling  of  heavy  traiua  in  passenger  service.  It  has  the  same 
advantiige  as  the  mogul  over  the  American  type  in  increased 
adhesion,  while  it  posse-ssea  an  additional  advantage  over  the 
mogul  ill  that  the  boiler  may  be  made  larger  and  the  extra  weight 
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Fig.  27. 
carried  on  tlie  additional  pair  of  wheels  of  the  truck.     As  pas- 
sengur  service  reipiii-ea  a  higher  evaporative  power  than  freight, 
the  increase  in  the  size  of  the   boiler  is  necessary.     As  in   the 
mogul  the  middle  pair  arc  the  main  drivers. 

ConmAidntion.  This  type  of  locomotive.  Fig.  28,  is  used 
exclusively  for  freight  sei-vice.  It  is  carried  on  ten  wheels,  of 
which  four  pair  aro  drivers.  The  same  reason  tlmt  led  to  the 
adoption  of  the  Tnogul  locomotive  in  the  place  of  the  American 
tyjw,  (the  necessity  for  greater  tractive  power)  also  led  to  the 
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addition  of  a  fourth  pair  of  driving  wheels  to  the  mogul  and  pro- 
duced the  consolidation.  In  these  engines  the  second  pair  of 
drivors,  counting  from  the  front,  are  the  main  wheels.  The 
increiufed  number  of  wheels  makes  an  increase  of  weight  possible, 
and  with  it  a  larger  boiler  and  cylinders. 


FiR.  28. 

Decapod.  This  engine,  Fig.  29,  like  the  consolidation  and 
as  its  name  implies,  is  carried  on  ten  wheels.  All  of  those  wheels 
are  driveiB.  It  is  not  built  for  ordinaiy  road  servicf,  but  is  used 
as  a  pusher  on  hills  where  heavy  grades  are  to  be  overcome. 
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Fig.  29. 
TJie  Mastodon  locomotive,  (shown  in  Fig.  .30)  bears  the  same 
relationship  to  the  consolidation  engine  that  llie  ten-wheeler  does 
to  tlie  mogul.  A  four-wheeled  truck  has  been  substituted  for  the 
pony.  This  substitution  makes  a  larger  boiler  and  cyllDders 
possible,  thereby  increasing  the  power  of  the  engine.  They  are 
used  exclusively  for  heavy  freight  service. 
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Compound  Locomotives.  The  compound  locomotive  is  an 
engine  in  wliich  the  steam  is  admitted  to  one  cylinder,  called  the 
high-pressure,  where  it  partiiilly  expands  in  doing  its  work.  It  is 
then  exhausted  into  the  steam  chest  of  a  larger  cylinder,  called 
the  low-pressure,  whence  it  is  admitted  to  that  cylinder  to  com- 
plete its  expansion.  The  chief  advantage  of  the  compound  loco- 
motive lies  in  the  saving  eiTected  in  cylinder  condensation.  It 
will  he  I>onie  in  mind  that  the  back  pressure  of  the  high-pressure 
cylinder  is  a])proxiinately  the  working  pressure  of  the  low- 
pressure  cyliiuler. 
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This  [irinoiplc  has  lH;en  upjilied  to  locomotive  work  in  three 
ways:  hy  the  use  of  two,  tluec  and  four  cylinders. 

In  the  two-iiylinder  compound  there  is  one  cylinder  on  mvAi 
side  of  tlie  locomotive.  The  steam  passes  from  the  high-pressnrc 
cylinder  thi-ougli  the  smoke-box  and  across  the  engine  to  the  low- 
pressure  cylinder. 

In  the  three-cylinder  engine,  there  is  one  high-pressure 
cylinder  on  eiieh  aide  of  the  engine.  The  steam  from  these 
cylindeis  is  exlKinsted  into  the  steam  chest  of  one  lat^  low- 
pressure  ej'liuder  that  is  located  beneath  the  smoke-box. 

In  the  fonr-cylinder  compound  locomotives,  as  huilt  in  this 
couutiy,  there  is  ;v  high  and  low-pressure  cylinder  on  each  side 
of  the  engine.     These  work  in  pairs  independentiy  of  each  other. 

AVitli  the  two  n,iid  three- cylinder  engines  there  are  two 
exhausts  into  the  stiick  at  eiush  revolution  of  the  diiving  wheels: 
with  the  tour-cylinder  engine,  there  are  four. 
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The  following  are  the  principal  tyj)G8  of  compound  locomo- 
tives : 

Richmoml  Compound.  This  compound  locomotive  is  of  the 
two-oylimler  type.  That  ia  to  say  it  has  two  cylindere  similar  to 
the  simple  locomotive.  One  is  a  small  or  high-preasiue  cyliniler 
that  is  placed  on  the  left-hand  aide  of  the  engine  and  the  other  is 
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R  lai^e  or  low-pressure  cylinder  which  ia  on  the  right-hand  side 
The  general  iirrangement  of  the  cylinders  and  their  connections  is 
shown  in  Fig.  31,  which  is  a  diagmm  of  the  front  elevation  of  the 
8moke-l)ox  and  cylinders.  In  this  engraving  the  coui'se  of  the 
dteam  from  the  boiler  to  the  exhaust  nozzle  is  indicated  by  the 
arrows.  From  these  it  will  lie  seen  that  the  steam  entering  the 
tee  head  from  the  dry  pipe  passes  down  through  the  main  steam 
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pipe  on  the  lefHiaiid  side  of  tlie  engine  to  the  high-preaaure 
cylinder.  Here  it  doea  work,  is  partially  expanded  and  is  ei- 
hinistt^i  into  the  receiver.  The  receiver  is  a  large  pipe  crossing 
the  anioke-lH>x  in  the  form  of  an  arch  and  carrying  the  exhaust 
from  thi^  high-pi'essui-e  cylinder  to  tlie  iutercepting  valve.  From 
llie  intercepting  valve  it  goes  to  the  steam  chest  of  the  low-pies- 
t^tire  cylinder,  whei'e  its*  ex|Hinsioii  is  completed  and  from  which  it 
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,\  |«;i-spi'fliv(i  vit'W  of  the  front  of  such  an  entitle  is  given  in 
Ki;^.  32,  in  which  a  portion  of  the  cylinder  easting  is  cnt  away 
aliiiwiiig  tlic  iiiteixii'ptiog  viilvn  in  jwsition. 

The  pei'iiliiirity  i>f  tlie  liiidiniond  oonipoiind  locomotive  i.s  to 
l>e  found  in  llif  ({instrni'liiin  of  its  interep])ling  valve. 

It  iu  evident  that  slioiild  a  ciimjionnd  locomotive  ytop  witli 
the  ei-ank  of  tha  higli-[)reHsiire   cylinder  on  the  dead  center,  it 
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would  be  iiecessiiry  to  admit  live  steam  to  tiio  low-pressure  cylin- 
der in  oi-dcr  to  sUrt  tlie  engine.  For,  if  the  stirt  were  to  (lei:)end 
on  the  compound  working  of  the  engine,  it  could  not  take  place 
until  an  exhaust  liad  been  delivered  by  the  high-pressure  cylinder 
into  the  receiver. 

It  is  the  function  of  the  intercepting  valve  to  admit  live 
steam  lo  the  low-pressure  cylinder  whenever  the  engine  is  to  be 
started  and  then  to  automiitically  cut  off  (intercept)  that  flow  of 
steam  when  the  exhaust  of  the  high-pressure  cylinder  Ins  raised 
the  pressure  in  the  receiver  leading  to  the  low-pressure  cylinder, 
sufficiently  to  enable  it  to  deliver  steam  to  the  latter  so  that  it  caa 
do  its  proper  share  of  the  work. 


The  operation  and  construction  of  the  Richmond  intercepting 
valve  is  shown  in  Figs.  33  to  37.  In  all  of  these  figui-es  similar 
piirts  are  indicated  by  similar  letters. 

In  Fig,  33  the  intercepting  valve  is  shown  in  the  position  in 
which  it  stands  immediately  after  the  opening  of  the  thiottle 
valve  for  the  starting  of  the  engine.  When  in  this  position  steam 
at  boiler  pressino  enters  the  cylinder  casting  at  the  point  indi- 
cated and  flows  to  the  high-pressure  steam  chest  and  cylinder  as 
indicated  by  the  arrows.  It  also  enters  the  space  A  which  is  al- 
ways filled  with  steam  at  boiler  pressure  when  the  engine  is  at 
work. 
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Oil  th«  8t(iin  of  the  main  intercepting  valve  B,  there  is  a 
loose  sleeve  whidi  is  turned  with  a  shoulder  d.  The  live  steam 
acting  on  this  shoulder  pushes  tlie  sleeve  out  and  forces  the  main 
valve  H  against  its  seat  a  a.  This  closes  the  onlj'  means  of  com- 
munication iH'tween  tlie  high-pressure  exhaust  passage  and  receiver 
and  low-pressure  steam  pipe.  When  in  this  position  tlie  live  steam 
from  A  is  free  to  flow  out  through  the  opening  around  the  sleeve 
C,  into  the  low-pressure  steam  pipe  and  thence  into  the  low- 
pressure  steam  chest.  Live  steam  is  thus  admitted  to  both 
cylindcn's  and  the  engine  will  start  like  any  simple  engine. 

If,  how(»ver,  tlie  engine  should  not  start,  it  would  take  but  a 
very  sliort  time  for  full  l)oiler  pressure  to  accumulate  in  the  low- 
pressure  st(?am  pipe  and  cylinder,  even  though  it  might,  at  first, 
be  greatly  wire-drawn  l)y  i)assing  through  the  space  about  the 
sleeve  C,  As  the  low-pressure  cylinder  is  much  larger  than  the 
high,  an  equality  of  pressure  in  the  two  cylinders  would  result  in 
the  (»x(U'ti()n  of  very  unequal  amounts  of  power  on  the  two  sides 
of  the  engine  and  possibly  a  straining  of  the  fastenings  on  the 
low-pressure  side. 

In  ordcM-  to  obviate^  this  difficulty  the  space  at  the  end  of  the 
Hle(»V(?  C  is  ojM'ned  to  tlio  atmosphere  so  that  no  steam  leaking 
past  tlu^  sleeve  can  accumulate  and  create  a  pressure  there. 
Live  steam,  however,  (loi\s  have  free  access  to  the  end  c  wliicli 
presents  a  lari^^iM*  area  to  tlie  same  than  the  shoulder  d.  The  end 
c  and  th(*  shoulder  d  are  so  proportioned  that,  when  the  desired 
working  j)ivssure  has  been  reached  in  the  receiver,  the  pressure 
acting  on  tlu^  largo  end  c  will  push  the  sleeve  back  into  the  case, 
as  shown  in  Fig.  34.  When  in  this  position  the  flow  of  steam 
from  the  l)oiler  into  the  low-pressure  steam  i)ipe  is  cut  ofif,  and  an 
ai'cuinulation  of  an  excess  of  pressure  therein  avoided.  If  the 
piessiii(»  in  the  low-pressure  steam  pipe  is  lowered  for  any  reason 
thi^  sl(H»v(»  again  moves  forward  and  permits  of  the  passage  of 
more  live  steam. 

After  the  engine  has  started  the  steam  from  the  high-pres- 
sure cylinder  is  exhausted  into  the  receiver,  and  a  pressure  is 
therein  accumulated  beneath  the  valve  B.  As  soon  as  this  pres- 
sure reaches  a  point  slightly  in  excess  of  that  existing  in  the  low- 
pressure  steam  pipe,  it  forces  the  valve  B  into  the  position  shown 
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in  Fig.  35.  In  taking  this  position  tlie  sleeve  C  is  carried  with  it 
and  the  shoulder  d  hrought  to  a  bearing  an  a  valve  against  its 
seat.  The  flow  of  steam  from  the  boiler  to  the  low-pressure 
cylinder  is  thus  cut  off ;  the  exhaust  from  tlie  higli-jjiessure 
cylinder  b  free  to  pass  directly  to  the  low-pressure  steam  chest 
and  the  engine  works  as  a  compound. 

As  the  high-pressure  cylinder  of  a  compound  locomotive  \s 
slightly  laiger  than  tliat  of  a  simple  engine  of  the  same  capacity, 
it  follows  that  it  is  more  powerful  when  working  as  a  simple 
engine.  In  order  to  take  advantage  of  this  fact  both  in  the  start- 
ing of  heavy  loads  and  in  the  surmounting  of  steep  grades,  pro- 
vision has  been  made  for  working  the  locomotive  as  a  simp]^ 


Fig.  S4,  fig.  8B. 

engine  and  preventing  it  from   automatically  changing    into   9 
compound. 

This  is  done  by  means  of  a  valve  G.  Wlien  this  valve  is 
opened  as  in  Fig.  36,  it  allows  a  free  passage  of  the  exhaust  steam 
of  the  liigh-pressure  cylinder  through  the  receiver  and  out  at  the 
main  exhaast.  Under  these  conditions  there  is  no  accumulation 
of  pressure  in  the  receiver  and  the  valve  B  \vi\l  remain  closed. 
In  the  meantime  an  excess  of  pressure  in  the  low-pressure  steam 
pipe  is  prevented  by  the  movement  of  the  sleeve  C,  as  shown  in 
Fig.  87. 

The  emet^ncy  exhau.st  valve  Q  is  opened  by  admitting 
steam  into  the  space  I,  back  of  the  piston  H,  through  the  pipe  K 
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thHt  leads  bitck  to  the  Ciib  where  it  is  provided  witli  a  valve. 
When  the  supply  of  ^team  to  this  pii>e  is  shut  off  the  spring  L 
draws  the  valve  G  against  its  seat,  where  it  is  held  by  the  accumu' 
lating  pressure  in  the  receiver,  and  the  engine  automatically 
changes  to  compound  working  as  already  described. 

Owing  to  the  restricted  passage  about  the  emergency  valve 
G,  the  loeoniotivo  cannot  be  worked  as  a  simple  engine  at  s[>eedB 
of  moi-e  than  six  or  seven  miles  an  hour.  At  this  speed  the 
exhaust  fi-om  the  higli-pressure  cylinder  is  so  badly  choked  and 
the  back  pressure  iiiade  so  excessive  tliat  no  increase  of  speed  is 


Fig.  37. 


possible.  This  prevents  the  engineman  from  working  the  engine 
simple  with  the  excessive  use  of  steam  that  that  method  involves. 

The  piston  D  attached  to  the  stem  of  the  main  valve  and 
working  in  the  tlashpot  E  is  merely  to  regulate  the  movement  of 
the  valve  B  and  prevL'ut  it  from  slamming. 

One  of  the  troubles  experienced  with  the  compound  engine 
was  tliat,  when  the  engine  was  running  with  the  steam  shut  off, 
large  t^uantities  of  air  were  drawn  in  at  the  relief  valves  on  tlie 
t-teani  chi'st  and  forced  out  at  the  exhaust  pipe,  creating  a  draft 
that  turned  the  lire  when  the  engine  was  drifting,  causing  an  ex- 
cessive waste  of  steam  and  coal. 

A  device  has  been  adopted  on  the  Richmond  compound, 
known  as   a   by-pass   valve,  that  overcomes   this   difficulty   and 
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entirely  prevents  this  pumping  of  air.  It  eoneisto  of  a  umall 
cylinder  cutt  oil  the  side  of  the  main  one  and  having  ports  aaaa 
connecting  it  with  the  main  steam  ports  and  the  two  induction 
poi-tit  III  this  cyliniler  there  are  fitted  the  two  ))iHtons  hb  tliat 
are  provided  \\ith  picking  iings  and  amiiiged  to  act  an  valves  on 
the  scits  (  (,  1<  igs   3K  and  39 


Fig.  38. 
Fig.  38  shows  the  position  of  the  valve  when  running  with 
steam  sliut  off.  The  reduction  in  the  steam  chest  pi-essure  causes 
tlie  valves  fi  i  to  move  to  the  ends  of  the  chambers,  thus  opening 
communication  between  the  cylinder  steam  porta.  When  the 
throttle  is  o£>eiied  these  valves  move  to  tlie  position  shown  in  Fig. 
S9  mid  close  the  st«am  port  openings.     It  will  be  seen,  too,  that 


Fiji;.  »0. 
the  chamliers  are  in   direct  i^nnimiiiiieation   \vith  the  atmosphere 
through  the  vent  d. 

Tlie  effect  of  this  adjustment  of  the  valves  is  very  evident. 
When  tiie  throttle  is  closed  there  is  a  free  communication  between 
the  two  ends  of  the  cylinder  and  tlie  atmosphere.  The  air  con- 
tained in  the  former  is  merely  churned  back  and  forth  and  none 
is  forced  out  at  the  stjtck.  This  makes  it  possible  to  run  down 
tull  with  tJie  throttle  dosed  and  avoid  all  fanning  of  the  fire. 
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Another  trouble  at  one  time  experienced  \vith  the  two- 
cylinder  compound  locomotive  was  the  inability  to  get  rid  of  the 
exhaust  steam  from  the  low-pressure  cylinders  with  sufficient 
freedom  to  enable  the  engine  to  run  at  high  speeds.  This  diffi- 
culty has  been  overcome  in  the  case  of  the  Richmond  locomotive 
by  the  use  of  a  valve  having  an  auxiliary  port  similar  to  that  used 
in  the  Allan  valve. 

The  time  when  the  opening  for  the  exhaust  needs  to  be  most 
efficient  is  at  the  l)eginning  of  the  exhaust  period.  It  is  evident 
that  when  th(»  exhaust  0{jeuing  becomes  equal  to  the  area  of  the 
exhaust  nozzle  a  further  increase  in  the  area  of  the  exhaust  port 
opening  will  not  assist  in  getting  the  steam  out  of  the  cylinder. 
With  the  increase  in  piston  speed  a  certain  velocity  is  reached, 
after  which  the  back  pressure  during  the  return  stroke  of  the 
piston  does  not  decrease,  and  for  this  reason  an  increase  of  the 
area  of  the  exhaust  opening  after  the   beginning  of   the   return 
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Fig.  40. 

stroke  is  of  very  little  value.  The  pressure  at  the  end  of  the 
stroke  should  therefore  be  decreased  in  order  to  secui*e  a  minimum 
back  pressure  tliroujj^hout  the  stroke.  The  valve  under  consider- 
ation was  designed  to  secure  a  more  rapid  exhaust  opening,  and 
is  termed  *••  double  j)orted,"  to  distinguish  it  from  the  Allen  valve. 
The  valve*  poit  is  used  as  an  exhaust  as  well  as  an  admission  pas- 
sage. Tlio  use  of  this  device  on  compound  locomotives  gives  low 
back  pressure  at  high  speeds  without  necessitating  the  use  of 
large  valves. 

Th(*  various  positions  of  the  valve  are  illustrated  by  Fig.  40. 
From  A  it  a[)[)ears  that  the  auxiliary  port  acts  as  an  exhaust  port 
only  during  the  first  portion  of  the  exhaust  period.  Then  when 
th(^  main  exhaust  passage  l)ecomes  sufficiently  open,  the  pas&ig^ 
is  closed  to  the  exhaust  and  acts  as  the  regular  Allan  port  for  the 
admission  of  steam,  as  in  B.  At  the  limit  of  its  travel  the  port  is 
closed  to  both  admission  and  exhaust  as  in  C. 
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The  two-cylinder  compound  locomotive,  as  thue  developed, 
is  tborougiily  efficient  for  both  freight  and  passenger  service,  and 
to  25  per  cent,  according  to 


will  effect  a  saving  in  foel  of  from  S 
the  service  in  which  it  is  r 


The  Pimhurg  Com- 
pound Locomotive.  This 
locomotive  is  also  of  the 
two-cylinder  type.  It 
diffeia  from  tlie  prece- 
ding in  the  fact  that  it 
is  not  automatic  in  its 
action  of  chiinging  from 
single  expansion  to  com- 
pound working.  The 
parts  consist  of  an  in- 
tercepting valve  A,  Fig. 
41 ;  the  valve  of  which 
is  connected  to  one  arm 
of  the  lever  B.  This 
lever  is  moved  to  and 
fro  by  a  piston  in  the 
'  small  cylinder  C.  The 
steam  admission  to  ttie 
cylinder  is  controlled  by 
!i  valve  D,  operated  by 
a  connection  to  the  reach 
i-od  E. 

When  the  reversing 
lever  is  in  the  full  gear 
notch  and  the  reach-rod 
is  forward,  steam  is  ad- 
mitted liack  of  the  piston 
in  C,  and  the  piston  F 
of  the  intercepting  valve 
is  thrown  back  to  the 
position  shown  in  Fig. 
42.  At  the  right  of  the 
intercepting  valve  there 


40 


LOOOMOnVE  BOILERS  AXD  EX6IXES. 


U  a  redncing  valve  tliroagh  which  steam  is  admitwd  to  the 
T*ieiver.  This  valve  is  so  adjusted  that  the  proper  [»essat«  b 
aitiiiitb^l    Ut  tiie  receiver  for  the  worting  of  the  low  pnee^me 

cylinder. 

Wtien  the  valve  is  in  this  poeition  the  exhaost  from  the  h^l^ 
pressare  cjlimler  passes  around  the  hody  of  the  piston  of  the 
intercepting  vulve  aud  not 
at  G,  which  is  the  exhaost 
for  the  high-pressure  cyl- 
inder. 

As  long  as  the  reverse 
lever  remains  in  the  full 
forward  gear  the  engine 
will  continue  to  work  as  a 
simple  engine.  When  the 
lever  is  drawn  back  so  as  to 
shorten  the  period  of  steam 
admission,  steam  is  ex- 
hiiii&ted  from  the  back  end 
and  admitted  to  the  front 
end  'jf  tiie  cylinder  C,  Fig. 
41.  The  piston  of  the 
intercepting  valve  b  then 
moved  forward  to  the  posi- 
^tinnsshowTi  in  Figs.  41  and 
4:3.  When  in  these  po-iition8 
the  •■ngine  wiil  work  as  a 
[rain|>ound.  The  piston  F 
'''«■  **^-  is   against     the     reducing 

valve  itiid  prevents  it  from  opening,  so  tliat  no  »team  b  admitted 
from  the  Ijoiler  into  the  receiver.  The  high-pressure  exhaust  is 
prevented  from  escaping  through  the  exhaust  passage  G,  but  is 
led  into  tli(!  i-oceiver  as  indicated  by  tlie  arrows  in  Fig.  43. 

It  will  thus  be  swn  tliat  the  intercepting  valve  never  moves 
automatically  wince  ii  is  entirely  under  tlie  control  of  the  engine- 
man.  Furtlicrniore,  tlie  intercepting  valve  can  be  prevented  from 
moving  as  the  lever  is  drawn  back  from  full  gear,  by  closing  a 
valve  in  the  steam  pipe  a  Fig.  41.     The  piston  in  the  cylinder  G 
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will  then  remain  stationaiy  and  the  engine  will  continue  to  work 
as  a  simple  engine,  at  all  points  of  cut-off. 

Tlie  object  of  the  reversing  mechanism  in  the  cab  is  to  relieve 
the  engineman  of  the  necessity  of  converting  the  engine  from 
single  expansion  to  compound  action  by  hand.  The  hand  arrange- 
ment is  present,  however,  and  can  be  used  in  the  event  of  any 
accident  occurring  to  the  reversing  cylinder. 

These  engines  are  especiallj'^  adapted  to  freight  service. 

Schenectady  Compound.  The  compound  locomotive  built 
by  the  Schenectedy  Locomotive  Works  is  of  the  two-cylinder  type. 
The  general  construction  and  arrangement  of  the  cylinders  and 
front  end  is  similar  to  that  of  the  Richmond  locomotive  as  illus- 
trated by  Fig.  31.  The  difference  lies  in  the  design  of  the  inter* 
cepting  valve  which  is  shown  in  section  in  Figs.  44  and  45. 

Fig.  44  is  a  vertical  section  through  the  saddle  and  intercept- 
ing  valve  (low-pressure  cylinder),  and  shows  the  intercepting  and 
separate  exhaust  valve  in  the  position  taken  when  the  engine  is 
working  simple. 

Fig.  45  shows  the  same  section  through  the  low-pressure 
cylinder  saddle,  as  in  Fig.  44,  and  shows  the  intercepting  and 
separate  exhaust  valves  in  the  position  when  the  engine  is  work- 
ing compound. 

With  the  arrangement  of  valves  shown  in  these  figures,  the 
engine  can  be  started  and  run  either  compound  or  simple,  and  can 
be  changed  from  compound  to  simple  or  from  simple  to  compound 
at  the  will  of  the  engineer,  with  any  position  of  throttle,  and  at 
any  point  of  cut-off.  The  part  which  each  valve  does  in  accom- 
plishing this  is  as  follows : 

The  se^mrate  exhaust  valve  when  open  allows  the  steam  to 
exhaust  directly  from  the  high-pressui'e  cylinder  to  the  atmosphere 
without  going  through  the  low-pressure  cylinder,  thus  working 
the  engine  simple,  and  when  closed  causes  the  steam  from  the 
high-pressure  cylinder  to  go  through  the  low-pressure  cylinder, 
thus  working  the  engine  compound.  The  intercepting  valve  closes 
the  passage  between  the  cylinders  when  the  separate  exhaust  valve 
is  open,  so  that  steam  cannot  go  from  the  high-pressure  cylinder 
to  the  low-pressure  cylinder,  and'  it  admits  steam  to  the  low- 
pressure  cylinder  directly  from  the  dry  pipe  through  the  reducing 
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valve.     When  the  sepjirate  exhaust  valve  closes,  the  intercepting 
valve  o[)ena  the  passage  l)etweeii  the  cylinders  and  cuts  off  tne 
siipjdy  of  steam  fintn  the  dry  pipe  to  the  low-pressure  cylinder. 
The  reducing  valvo  n'orks  only  when  the  engine  ia  running 
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iple  and  tluottlps  tins  steam  piLssiiig  tlirough  it,  so  that  th© 
sssure  of  sttiarn  f,'"iiig  to  tlm  low-pressure  cylinder  is  about  one- 
If  tlio  stcitm  {iicssiiro  in  the  dry  i>ipo. 

The  iutercejitiiigatid  inducing  valve:^  are  worked  aiitoiUiVticaUy 
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b}'  the  steam  pressures  acting  on  the  difference  of  areas  of  tlie 
ends  of  the  valves,  and  their  movement  is  cushioned  by  dash  pots. 
The  .se|iarate  exliaust  valve  is  operated  by  the  engineer,  by  means 
of  a  three-way  cock  in  the  cab.  To  open  the  separate  exhaust 
valve,  the  liandle  of  the  three-way  cock  is  thrown  so  as  to  admit 
air  or  steam  pressure  against  the  piston  J.  Pulling  the  handle 
Ijack  relieves  the  pressure  against  J;  and  the  spring,  which  is 
sliown  in  the  fi^^ures,  shuts  the  valve. 

All  tlie  engineer  ever  has  to  do  in  connection  with  the 
oi>enition  of  tlie  valve  is  to  pull  the  handle  of  a  three-way  cock  in 
the  cab,  one  way  or  the  other,  according  as  he  wishes  the  engine 
to  run  simple  or  compound.  The  engineer  uses  this  handle  under 
the  following  conditions : 

Fii-st,  to  start  simple.  Under  ordinary  conditions  this  is  not 
necessary,  but  if  the  maximum  tractive  power  of  the  engine  is 
needed  to  start  a  heavy  train,  the  engineer  pulls  the  handle  of  the 
three-way  cock  so  as  to  admit  pressure  on  the  piston  J.  This  will 
force  the  piston  J  into  the  position  shown  in  Fig.  44,  which  opens 
the  separate  exhaust  valve  and  holds  it  open.  As  soon  as  the 
throttle  is  o|)ened,  steam  at  boiler  pressure  enters  the  chamber  E 
and  forces  the  intercepting  valve  against  the  seat  F,  as  sliown 
m  Fig.  44.  Steam  enters  the  high-pressure  cylinder  and  is 
exhausted  through  the  receiver  pipe  and  separate  exhaust  valve 
to  the  atmos2)liere,  i\s  shown  in  Fig.  44.  Steam  also  entei-s  the 
low-pressure  cylinder  from  chamber  E,  through  the  i*educ*ing 
valve  and  ports  G,  shown  in  Fig.  44,  and  is  exhausted  in  the 
usual  way.  The  steam  is  prevented  from  reaching  the  low- 
pressure  cylinder  at  boiler  pressure,  by  going  through  the  reducing 
valve.  As  will  be  seen  from  Fig.  44,  the  valve  is  partly  balanced 
by  the  cylinder  open  to  the  atmosphere,  and  the  boiler  pressure 
acting  on  the  unbalanced  area  throws  the  valve  to  the  right. 
When  the  i)ressure  on  the  right  of  the  valve  becomes  high 
enough  it  will  throw  the  valve  to  the  left,  because  it  acts  on  the 
whole  area  of  the  valve,  and,  in  so  doing,  throttles  the  steam  to 
the  proper  pi-essure  for  the  low-pressure  cylinder. 

When  the  engineer  wishes  to  change  the  engine  from  run- 
ning simple  to  running  compound,  he  pushes  the  handle  of  Uie 
three-way  cock  to  its  fii'st  position,  which  relieves  the  pressure  on 
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the  right  of  the  piston  J,  and  the  spring  throws  that  piston  to  the 
right,  into  the  position  shown  in  Fig.  45,  closing  the  separate 
exhaust  valve.  As  soon  as  this  valve  is  closed  the  2)re8sure  in 
the  receiver  rises  and  presses  tlie  intercepting  valve  to  the  left 
against  the  pressure  in  chamber  E,  which  only  acts  on  an  unbal- 
anced area  of  the  valve.  The  receiver  pressure  holds  the  inter- 
cepting valve  to  the  left,  tis  shown  in  Fig.  45,  closing  the  ports  G 
and  opening  a  free  passage  from  the  high-pressure  cylinder  to  the 
low-pressure  cylinder  and  tlie  engine  works  compound. 

It  will  be  noticed  that,  while  working  compound,  which  is 
the  usual  way  of  working  the  engine,  tlie  intercepting  and  reduc- 
ing valves  ai*e  both  held  against  ground  joint  seats,  which  prevent 
the  leakage  of  steam  that  may  have  leaked  past  the  packing 
rings. 

Now  with  the  engine  running  compound,  if  the  engineer 
wishes  to  run  the  engine  simple,  because  of  a  heavy  grade,  he 
pulls  the  handle  of  the  three-way  cock  the  same  as  for  starting 
simple.  This  will  open  fii*st  the  by-pass  valve  K,  and  then  the 
separate '  exhaust  valve,  the  by-pass  valve  relieving  the  pressure 
more  gradually  than  if  the  large  exhaust  valve  were  opened  at 
once.  As  soon  as  the  sepai-ate  exhaust  valve  is  open  the  pressure 
in  the  receiver  drops  and  the  intercepting  valve  is  forced  against 
the  seat  F,  by  the  pressure  in  chamber  E,  and  the  engine  runs 
simple  as  before.  "*A^hen  the  grade  is  passed,  the  engineer  pushes 
the  handle  of  the  three-way  cock  over  and  the  engine  begins  to 
work  compound.  To  start  the  engine  compound  the  separate 
exhaust  valve  is  left  closed,  as  in  Fig.  45,  and,  when  the  throttle 
is  opened,  the  intercepting  valve  will  l^e  forced  against  the  seat  F, 
by  the  pressure  in  chamber  E,  as  shown  in  Fig.  44.  The  low- 
pressure  cylinder  will  then  take  steam  through  the  ports  G,  and 
the  high-pressure  cylinder  \vill  exhaust  into  the  receiver  for  a  few 
strokes  of  the  engine.  This  will  raise  the  pressure  in  the 
receiver  and  force  the  intercepting  valve  into  the  position  shown 
in  Fig.  45,  closing  the  ports  G,  and  the  engine  will  run  compound. 

The  combination  of  the  automatic  intercepting  valve  with 
the  separate  exhaust  valve,  permits  the  engine  to  be  changed  from 
simple  to  compound,  and  the  reverse^  very  smoothly  and  without 
danger  of  jerking  the  train. 
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Srook'i  Two-Cylinder  Compound.  This  engine  )ias  the 
cylinders  arniiiged  aa  in  the  previously  described  engines.  Tlie 
variation  is  found  in  the  construction  of  the  intercepting  valve, 
whicli  is  shown  in  section  in  Fig.  46. 

The  comhined  valve  A  admits  live  steam  at  reduced  pressure 
to  the  low-pressure  cylinder,  this  pressure  being  regulated  in  Bucli 


Fig.  46. 
ratio  JUS  dtssiruil.  The  iiiicrcepLing  Viilve  U  at  the  same  time 
auloniatically  uIokcs  and  prevente  the  live  steam  from  wtirkiiiif 
agiiinst  the  high-pifssure  piston;  the  reducing  valve  reinjiiniiig 
oi>cn  until  such  time  iis  the  pressure  in  the  receiver  pipe  on  the 
higli-pressiire  side  tif  the  intercepting  valve  becomes  eijual  to  or 
slightly  in  excess  of  that  on  the  low-pressure  side.  The  pressure 
regulating  ^-alve  automatically  doses  and  the  intereeiJting  valve 
oi>en3  simultaneously, —  the  first,  cutting  off  the  supply  of  live 
Bteam  to  the  low-pressure  cylinder;  the  second,  oj^ning  connection 
between  the  two  cuds  of  the  receiver  and  allowing  the  high- 
jHi-ssure  exhauj'L  Hloiiiii  to  aet  directly  on  the  low-i)reaaure  piston 
and  at  the  s:tuie  liu)c  lucking  the  pressure  regulating  valve  up<.iii 


LOCOMOTIVE  BOILERS  AKD  ENGINES.  47 

its  seat  and  preventing  the  fiu*ther  admission  of  direct  steam  to 
the  low-pressure  cylinder.  These  valves  remain  in  this  position 
during  the  time  the  throttle  valve  is  open.  In  order  to  give  the 
engineman  full  command  of  the  locomotive  at  all  times,  control- 
ling valves  are  provided  in  the  receiver.  These  are  usually  placed 
upon  the  bottom  of  the  receiver,  and  are  connected  to  the  cab  by 
suitable  levers;  they  may,  if  desired,  be  of  larger  area  and 
arranged  in  the  upper  portion  of  the  receiver,  connected  with  the 
exhaust  pii)e  and  arranged  to  work  automatically  in  combination 
with  the  intercepting  valve,  so  that  the  locomotive  can  be  worked 
as  a  simple  engine  when  required.  However,  on  account  of  the 
aiTangement  of  the  combined  admission  and  pressure  regulating 
valve,  which  at  all  times,  when  necessary,  admits  sufficient  steam 
to  the  low-pressure  cylinder  to  give  the  locomotive  its  maximum 
power,  the  use  of  such  a  sepai*ate  exhaust  valve,  whereby  the 
engine  can  be  worked  simple  for  long  periotls,  has  been  found  in 
practice  unnet^essar}^  the  arrangement  of  the  admission  and  pressure 
regulating  valve  previously  referred  to,  automatically  performing 
all  the  requirements  of  a  simple  locomotive. 

This  valve  operates  as  follows :  Live  steam  acts  upon  the 
high-pressure  piston  in  the  usual  manner.  At  the  same  time 
steam  is  admitted  to  the  high-pressure  end  of  the  pressure 
regulating  valve  A  through  the  connecting  pipe  C,  causing  tlie 
valve  to  open,  as  shown  in  the  engraving,  passing  thence  through 
the  liollow  portion  of  the  valve,  causiifg  the  intercepting  valve  to 
automatically  close  against  its  seat  a.  This  steam  flows  through 
the  passages  of  the  intercepting  valve  into  the  low-pressure  end 
of  the  receiver  1)  and,  acting  upon  the  large  end  of  the  pressure- 
regulating  valve,  causes  it  to  partially  close  as  soon  as  the 
reciuisite  pressure  is  obtained.  The  amount  of  steam  admitted  is 
regulated  by  the  pressure  regulating  valve,  and  an  even  pressure 
is  maintained  in  the  receiver,  the  action  being  similar  to  that  of 
the  sleeve  of  the  Richmond  intercepting  valve  Figs.  33  to  37.  The 
reduced  pressure  steam  thus  admitted  to  the  receiver  acts  upon 
the  low-pressure  piston  in  the  usual  manner.  As  soon,  however, 
as  the  high-pressure  cylinder  has  exhausted  sufficient  steam  into 
the  nigh-pressure  end  of  the  receiver  E  to  overbalance  the  inter- 
cepting valve,  this  valve  opens  automatically,  at  the  same  time 
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locking  tlie  pressure  regulating  valve  t^inst  its  seat.  The  ex- 
haust steam  from  the  high-pressure  cylinder  then  fio^vs  through 
the  receiver  as  shown  by  the  dotted  arrow  and  acls  directly  upon 
the  low-preasure  piatou.  The  pressure  of  this  exhaust  steam, 
even  when  considerably  reduced,  is  sufficient  to  keep  the  pressure- 


Fig.  47. 
regulating   valve   closed    through   the    action   of   the   combined 
valves  at  all  times. 

I'/irce-Cj/linder  Compouiidt.  The  use  of  the  three-cylinder 
pompound  locomotive  hiw  been  confined  almost  exclusively  to 
European  raili-oads.     The  cylinders  are  arranged  across  tiie  engine 
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as  shown  in  Fig.  47  which  is  known  as  the  Webb  system.  In 
this  figure,  h  h  are  the  liigli-pressure  cylinders,  which  are  placed 
so  that  the  centers  are  in  a  transverse  line  about  four  feet  back  of 
the  front  tul)e  sheet,  and  are  connected  to  tlie  second  pair 
of  driving  wheels.  The  low-pressure  cylinder  I  is  placed  l)eneath 
the  sniokebox,  and  is  connected  to  the  forward  pair  of  driving 
wheels.  The  courae  of  the  steam  from  the  boiler  Ls  through  the 
pipes  A  A  to  B  B,  and  thence  back  to  the  high-pressure  cylinders. 
The  exhaust  frora  these  cylinders  is  led  through  the  pipes  I)  D, 
and  thence  around  the  sraokebox  through  the  two  pipes  C  to  the 
low-pressure  steam  chest.  The  course  of  the  exhaust  from  the 
low-pressure  cylinder  is  clearly  indicated  in  Fig  47.  The  dis- 
position of  the  cylinders  and  steam  pipe  is  essentially  the  same 
in  the  Webb  compounds  for  passenger  and  freight  service.  The 
most  noticeable  peculiarity  of  the  system  is  the  absence  of  driving 
connection  between  the  high-pressure  and  low-pressure  axles, 
there  being  no  coupling  rods  on  engines  having  two  pairs  of 
driving  wheels. 

A  compound  locomotive  of  this  type  was  purchased  by  the 
Pennsylvania  Railroad  and  put  into  service  in  1899.  The  results 
of  practical  trials  with  the  heavy  trains  used  in  the  United  States 
were  satisfactory  in  economy,  but  showed  unsatisfactory  hauling 
power.  It  has  been  found  difficult  to  start  the  ordinary  weight  of 
train  with  this  engine,  owing  to  the  slipping  of  the  drivers,  which 
were  not  provided  with  parallel  rods.  When  the  trains  are  light  the 
engine  works  with  the  most  excellent  economy,  and  shows  a 
decided  saving  in  fuel.  The  reports  from  the  London  &  North- 
western Railway  of  England,  where  these  engines  have  been 
principally  used,  show  that  they  are  satisfactory.  - 

A  compound  locomotive  having  one  high  and  two  low  pres- 
sure cylinders  was  built  in  France.  The  general  an*angement  of 
the  cylinders  was  the  same  as  shown  in  Fig.  47,  except  that  they 
were  in  line  and  the  high-pressure  cylinder  was  between  the 
frames  and  beneath  the  smokebox.  The  course  of  the  steam  is 
first  to  the  high-prpssure  cylinder  from  which  it  is  exhausted  into 
a  receiver  and  thence  distributed  to  the  two  low-pressure  cyUnders. 
In  this  case  the  central  cylinder  is  of  nearly  the  same  diameter  as 
the  outside  ones  and  not  larger,  as  in  Fig.  47. 
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The  use  of  tliree-cyUnder  compound  locomotiyeB  is  being 
diBcontinued. 

Four-Cylinder   Compounds.  There   are  two    types  of  fom^ 

cylinder  compound  locomotives  built  in  the  United  States.     In 


Fig  48 


each  case  there  are  two  high  Jind  two  low-pressure  cyhndera. 
In  (inc,  the  cj-linders  are  set  in  pairs  on  each  side,  mth  one 
cyliiiilcr  uIkh'c  tlie  other.  In  the  other  case  the  cyUiiders  occuii/ 
the  satiiG  position  but  uix;  set  tandem. 

Unlike  the  two-cylinder  eonipound  an  intercepting  valve  is 
not  needed  since  there  is  alw.iys  a  liigli-pressiire  cylinder  acting 
upon  a  crank  that  is  nut  on  the  dead  center.  Hence  the  engine 
can  always  be  stjvrted. 
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The  four-cylinder  compound  locomotive  that  has  been  most 
extensively  used  in  the  United  States,  is  that  built  by  the  Baldwin 
Locomotive  Works,  and  has  the  two  cylinders  set  one  over  the 
other. 

Fig.  48  shows  the  arrangement  of  the  cylinders  in  relation  to 
the  valve. 

The  valve  employed  to  distribute  the  steam  to  the  cylinders 
is  of  the  piston  type,  working  in  a  cylindrical  steam-chest  located 
in  the  saddle  of  tlie  cylinder  casting  between  the  cylinders  and 
the  smoke-box  and  as  close  to  the  cylinders  as  convenience  will 
permit. 

As  the  steam-chest  must  have  the  necessary  steam  passap'es 
cast  in  it  and  finished  accurately  to  the  required  sizes,  the  main 
passages  in  the  cylinder  casting  leading  thereto  are  cast  wider  than 
the  finished  ports.  The  steam-chest  is  bored  out  enough  larger 
than  the  diameter  of  the  valve  to  permit  the  use  of  a  hard  cast- 
iron  bushing.  This  bushing  is  forced  into  the  steam-chest  under 
such  pressure  as  to  prevent  the  escape  of  steam  from  one  steam 
passage  to  anotVier  except  by  the  action  of  the  valve.  Thus  an 
opportunity  is  given  to  machine  accurately  all  the  various  ports, 
so  that  the  admission  of  steam  is  uniform  under  all  conditions  of 
service. 

The  valve,  which  is  of  the  piston  type,  is  double  and  hollow, 
and  controls  the  steam  admission  and  exhaust  of  both  cylinderSr 
The  exhaust  steam  from  the  high-pressure  cylinder  becomes  the 
supply  steam  for  the  low-pressure  cylinder.  As  the  supply  of 
steam  for  the  high-pressure  cylinder  enters  the  steam-chest  at  both 
ends,  the  valve  is  in  perfect  balance,  except  for  the  slight  variation 
caused  by  the  area  of  the  valve-stem  at  the  back  end. 

As  indicated  by  the  arrows  of  Fig.  48,  the  two  pistons  move 
in  unison  and  are  attached  to  the  same  crosshead.  This  is  a 
source  of  weakness  in  this  construction.  It  is  impossible  to 
obtain  the  same  totixl  piston  pressure  on  each  of  the  two  rods. 
The  result  is  that  the  unequal  pressures  tend  to  tilt  the  crosshead, 
bending  the  rods  at  the  junction  with  the  crosshead  and  tending 
to  break  them  at  that  i)oint. 

As  the  high-pressure  cylinders  of  this  class  of  locomotive  are 
considerably  smaller  than  the  single  cylinders  of  the  ordinary  tjrp** 
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i)f  tlie  same  rated  capacity,  it  ia  evident  that  the  starting  power  of 
the  lugh-jiressiii-c  cylinders  iilmie,  is  less  tlian  that  of  a  single 
exp;LiiHioii  engine  of  the  Kinie  mted  capacity.  Heiic*^,  althougli 
tht^  <;r.Liiks  iit'c  always  in  a  (lositioii  to  stai-t  a  tmiii,  it  ia  obvious 
that  ill  skirting  these  locomotives  with  fnll  trains  fnmi  a  tifciti'  nf 
rest,  rt  is  nt^ecssaiy  to  admit  sU'am  to  Uio  low-pressure  cylinder  aa 
well  as  to  the  liigh-preasim! 
cylinder,  which  is  accomplished 
by  the  use  of  a  starting  valve 
(Fig.  49).  This  is  merely  a 
by-pass  valve  which  is  ojieiied 
to  allow  steam  to  pass  from  one 
end  of  the  high-preRsure  cylin- 
der to  the  other  end  and  thence 
through  the  exhaust  to  the  low- 
pressure  cylinder.  This  is  more 
X  1   i  1 1   I  \         clearly  shown  at  E  in  Fig.  50 

\y  1  I  \/   The  same  cock  acts  as  a  cylin- 

N,  I  y^        der  eock  for  the  high-pressure 

"^  cylinder  and  is  operated  by  the 

same    lever    that    opei-ates  tlie 
i,-jj,_  40,  ordinary    cylinder    cocks,   thus 

making  a  simple  and  efficient 
device,  and  one  that  need  not  become  disarranged.  This  valve 
shotild  be  kept  shut  as  much  as  possible,  as  its  indiscriminate  ase 
reduces  the  Pfononiy  and  makes  the  locomotive  "logy." 

As  is  nsniil  in  all  engines,  air  valves  are  placed  in  the  niai" 
steam  pjissage  of  the  high-pressure  cylinder.  Adilitioiial  nir 
valves,  niaiked  C  and  (''  in  Fig.  50,  are  placed  in  the  steam  passes;! 
of  the  hiw-pn'ssnre  cylinders  to  supply  them  with  suflaoientnir  to 
pivvenl  Hit;  formation  of  a  vncuuni,  which  would  draw  cinders  int" 
the  steani-eliost  and  cylindei-s. 

Whi-n  starting  the  locomotive  from  a  state  of  rest,  lli* 
engineer  should  ahviiys  <)pen  the  cylinder  cocks  to  relieve  th? 
cylindei-s  of  condensation,  and  as  the  starting  valve  is  att:ich(^  '" 
tlie  cylinder  cocks,  this  movement  also  admits  steam  to  the  lo"'- 
pressure  cylinder  and  enables  the  locomotive  to  start  quickly  nuJ 
freely. 
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The  second  form  of  four-i^yliiider  coiiipouiid  locomotive  in  use 
in  the  Uniteil  Sbites  is  the  tiindeni  tyjie,  huilt  by  tlie  Brooka 
Locomritive  Works  and  illustrated  in  section  in  Fig.  51. 

The  low-pressure  cylinders  and  steam  chests  are  attached  to 
the  smokebox  in  the  usual  place  and  inaniiei'  and  the  liigli-pressure 
cylinders  and  steam  chests  are  atticbed  to  the  for\vard  end  of  the 
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low-preasni-e  cylinders  and  have  steam  <;hests  communicating 
with  the  steam  chests  of  the  low-piessnre  cylinders.  The  steam 
is  supplied  to  the  high-pressure  valve  chests  through  connecting 
pi|>es,  and  the  low-pressure  cylinder  exhausts  through  the  saddle  in 
the  usual  way.  The  high-pressure  steam  chests  are  fitted  with 
hollow  piston  valves  having  internal  admission,  the  tow-pi-essure 
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steam   chesb^   being   abo  fitted    with   internal    admission   piston 
valvea  as  shown   in   Fig.  51. 

Tlie  pistons  of  t)te  high  and  low-pressure  cylinders  are 
arranged  upon  the  same  rod,  and  the  intermediate  liend  Iietw^-ii 
the  high  and  low-pressure  cylinders  is  fitted  with  a  metallic  jmck- 
ing.  The  low-pressure  steam  cheat  is  provided  with  a  reducing 
and  surting  valve  connecting  with  the  high-pressure  steam  pipe. 
This  valve  is  permitted  to  operate  automatically  when  the  reverse 
lever  is  in  ftdl  forward  or  full  havk  gear.     In  the  intermediate 


positions  of  (tie  lever,  this  reducing  valve  is  locked  to  its  seat  so 
thiit  it  is  rendeixid  inoperative,  and  the  engine  must  necessarily 
work  compound  at  all  times  under  all  conditions  of  steam  piessure 
when  the  revei-se  lever  is  in  any  other  position  than  full  gear. 
The  use  of  this  comhined  starting  and  reducing  valve  permils 
the  intnidiictiou  of  stiMm  into  the  low-pressure  cylinder  at »" 
equivalent  to  tlx'  inaxiinum  pressure  obtained  in  this  cylinder 
when  the  engine  is  working  compound. 

As  soon  as  the   engine  has   made  one  revolution  and  the 
receiver  is  charged  with  exhaust  ateam  from   the  high-prewuie 
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cylinder,  the  starting  valve  becomes  inoi)erative,  thereby  causing 
the  engine  to  work  compound. 

Referring  to  Vig.  51,  it  will  be  seen  tiiat  the  pistons  are  at 
the  end  of  the  stroke  and  are  about  to  move  in  the  direction 
indicated  by  the  arrows.  The  valves  of  the  two  cylindei-s  are 
attached  to  the  same  stem  and  are  admitting  steam  to  the  left- 
hand  ends  of  the  two  cylinders  and  exhausting  it  from  the  right. 
Live  steam  entere  the  annular  space  A  about  the  higli-pressure 
valve  and  passes  down  into  the  port  B  as  indicated  by  the  arrow. 
At  the  same  time  exhaust  steam  passes  out  through  the  port 
C  and  follows  the  direction  of  the  arrow  into  the  interior  of  tlie 
two  valves.  After  traveling  to  the  center  of  the'  low-pressure 
valve  it  follows  the  direction  of  the  arrow  and  enters  the  port  D 
and  is  admitted  to  the  left  of  the  low-pressure  piston. 

The  exhaust  steam  from  the  low-pressure  cylinder  is,  at  the 
same  time,  escaping  through  the  port  E  into  the  passage  F, 
whence  it  is  discharged  through  the  exhaust  nozzle  into  the 
atmosphere. 

For  the  opposite  ends  of  the  cylinder  the  high-pressui-e 
exhaust  enters  the  interior  of  the  valve  through  the  annular 
space  G,  and  the  low-pressure  exhaust  escapes  into  the  passage  F' 
that  corresponds  to  and  is  connected  with  F. 

Very  few  of  these  locomotives  have  been  built. 

In  "the  designing  of  compound  locomotives  it  is  important 
that  two  j>oints  should  be  carefully  determined.  One  Is  that  the 
size  of  the  high-pressure  cylinder  should  bear  the  proper  ratio  to 
the  cylinder  of  the  single  expansion  engine  that  it  is  intended  to 
replace.  The  other  is  that  the  proper  ratios  sliould  exist  between 
the  diametei-8  of  the  jiigh  and  low-pressure  cylinders  on  the 
engine  that  is  to  be  designed. 

It  has  been  found  tliat,  for  the  same  steam  pressures  in  the 
boiler  and  the  same  weiglits  on  tlie  driving  wheels,  the  area  of  the 
piston  of  a  simple  expansion  engine  should  be  to  that  of  tlie  high- 
pressure  cylinder  of  a  compound  locomotive  as  1  to  1.17.  Tliat 
is  to  say  the  diameter  of  the  liigh-pressure  cylinder  of  a  com 
pound  locomotive  should  be  seventeen  per  cent,  larger  than  that 
of  the  simple  expansion  engine  which  it  is  intended  to  supplant. 

This  rule  applies  to  two-cylinder  compounds.     In  the  case  of 
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four-cylinder  compomid  locomotivps  a  lower  ratio  is  used,  Tim 
is  to  say,  the  sum  of  the  areas  of  the  two  high-pressure  pistons  art 
made  about  2.C  per  cniit.  lai^er  than  one  piston  of  simple 
expansion  engines  of  the  same  power. 

In  the  matter  of  the  proportioning  two  cylinders  of  a  com- 
pound system  there  has  Ix^en  a  wide  range  of  practice. 

For  two-cylinder  compounds  the  ratios  of  piston  areas  vary 
from  I  to  2.74  for  small  engines  to  1  to  1.77  for  lar^  engines. 
For  two-cyliiuler  compound  locomotives  in  the  United  States  a 
ratio  of  1  to  2.1  may  be  talien  as  the  prevailing  {>ractice  and  is 
usually  recommended.  For  four-cylinder  com^iounds  the  usual 
ratio  is  1  to  3. 

Logging:  Locomotives.  The  locomotives  ordinarily  known 
as  logi^iug  locomotives  are  of  two  types.     One  is  built  after  tlie 


general  pattern  of  the  fnui  «1  cl  1  switching  lot,  motive  with  tlie 
exci'i)li<jn  tliat  the  wlieck  have  broad  groovwi  tires  a  foot  or  so  in 
width  that  are  adapted  to  running  upon  a  ti-aek  formed  of  logs 
placed  end  to  end.  The  other  is  known  as  the  Shay  locoiuotire 
and  is  Htted  to  run  on  ordinary  rails.  Such  an  engine  is  slio«"n 
in  Fig.  52,  It  is  Imilt  on  three  four-wheeled  center-he-irtiig 
swiveled  tnicks,  the  wheels  of  which  are  driven  by  bevel  gearing 
attached  to  the  right-hand  wheels  of  each  tmck  with  steel  pinions 
meshing  into  them,  carried  by  a  shaft  running  in  bearings  attached 
to  the  JDiinial  boxes,  and  extending  from  axle  to  axle  of  eacli 
truck.  The  power  is  communicated  to  these  pinion  shafts  witb 
flexible  couplings  extending  from  the  engines,  which  are  platfd 
vertically  on  the  side  of  the  boiler.  This  aiTangement  leaves  esfl' 
truck  free  to  adjust  itself  to  curves  aud  irregularities  of  tbe 
track. 
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The  three  trucks  here  spokeu  of  include  the  tender  truck, 
which  is  a  driving  truck  also.  The  trucks  are  built  of  steel,  are 
equalized  and  have  coil  springs. 

The  object  of  tliis  construction  is  to  have  the  shortest  possible 
rigid  wheel  base  and  the  longest  possible  flexible  wheel  base,  thus 
utilizing  all  the  weight  for  traction.  It  is  possible  to  work  the 
locomotive  on  very  sharp  curves,  tlie  one  illustrated  running  easily 
on  a  60-degree  curve.  Its  use  is  confined  to  roads  having  heavy 
grades  and  sharp  curves,  and  it  is  restricted  to  low  speeds. 

The  frames  of  both  engine  and  tender  are  made  of  10-inch 
I  beams,  one  on  each  side,  that  of  the  engine  being  strengthened 
by  a  truss  rod  as  shown.  Steam  brakes  are  provided  to  act  on  part 
or  all  of  the  drivers,  either  separately  or  together. 

Rack  Locomotives  are  used  on  roads  where  the  grades  are 
too  steep  to  be  operated  by  the  ordinar}'  traction  locomotive.  The 
adhesion  between  the  wheel  and  the  rail  of  such  an  engine  cannot 
be  taken  at  more  than  2")  per  cent,  of  the  weight.  Hence  when 
the  grade  becomes  so  steep  that  the  resultant  of  gravity  acting 
parallel  to  the  rails  becomes  equal  to  twenty-five  per  cent, 
of  the  weight  of  the  locomotive  it  will  be  impossible  for  it  to  ad- 
vance. Such  a  grade  is  reached  when  the  rise  is  1320  feet  to  the 
mile.  Practically  it  is  much  less  than  this.  So  on  a  grade  of 
one-half  of  this  the  engine  could  only  hold,  not  haul,  itself  and  a 
car  equal  to  its  own  weight. 

Hence  for  rojids  climbing  mountains  where  the  gradient  la 
necessarily  very  steep  the  rack  locomotive  is  used.  Such  an 
engine  is  shown  in  side  elevation  in  Fig.  53. 

The  weight  of  the  locomotive  is  carried  on  smooth  rails  in 
the  ordinary  manner,  and  while  the  grade  lies  within  the  limits  of 
its  weight  to  overcome,  it  is  propelled  by  driving  wheels  like  other 
engines.  But  when  the  grade  becomes  too  steep,  the  gear  wheel 
A  is  brought  into  mesh  with  a  rack  rail  laid  in  the  center  of  the 
track  l>etween  the  other  two.  The  teeth  of  this  gear  engage  with 
those  of  the  rack  and  propel  the  engine  independently  of  the 
power  developed  at  the  driving  wheels  and  which  would  be  in- 
sufficient to  do  the  work. 

Between  the  two  main  driving  axles,  is  another  driving  axle, 
cariying  the  gear  A  which  meshes  with  the  rack.     This  gear  axle  is 
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driven,  through  reducing  gearing  by  a  pair  of  inside  cylinders. 
In  addition  to  the  two  main  axles  there  is  another  rear  axle  carrv 
ing,  besides  its  pair  of  wheels,  a  brake  pinion.  The  crankpins 
are  made  spherical  bo  as  to  afford  tlie  necessary  flexibility  when 
rounding  sharp  curves.  All  four  cylinders  have  the  same  diameter 
and  lengtli  of  stroke  and  are  independent  of  one  another  so  far  its 
steam  supply  is  concerned.  When  running  along  the  ordinary 
track  the  inner  cylindere  have  no  steam  MUpply  and  do  not  perform 
any  work. 

In  the  matter  of  biiikes  thei'c  are   the  ordinary  bcake^hoes 


on   the  driving  wlioels  antl  stiiip  brakes  on   the  rear  locomotive 
truck  axles  and  iiir  briikes  on  the  oira. 

Such  an  engine,  as  tlmt  shown  in  Fig.  53,  is  calculated  to 
haul  40  tons  up  a  90  per  ceut.  grade  at  a  speed  of  live  miles  aa 


This  L'lass  of  engine  is  extensively  used  on  tlie  mountain  rail- 
i-Oiids  of  Switzerland,  It  is  also  used  on  the  roails  running  up 
Mt.  Wivshiiigton  ntid  Pike's  Peak  in  the  United  States. 

Traction.  On  i^ige  43  of  I'ai-t  I.  of  Locomotive  Boilers  ami 
Engini?s  a  furnuila  was  given  for  the  calcniation  of  the  size  of  the 
cylinder  to  W  uwod  with  a  loL-omotive  of  given  dimensions.  This 
iorninla  Im  basixl  up<in  thi'  triiclive  jjower  of  a  locomotive  or  tlie 
amount  of  ))un  wliicii  it  i-;  cHpablo  nf  exerting  ujxin  the  tread  of 
its  driving  wheels. 
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The  formula  for  the  calculation  of  the  tractive  power  of  a 
locomotive  ia 

ID' 

in  which 

d  =  the  diameter  of  the  cylinder  in  inches, 

p  =.  the  mean  effective  pressure  in  pounds  per  square  inch, 
8  =  the  stroke  in  inches, 

D  :=  the  diameter  of  the  driving  wheels  in  inches, 

T  =  the  ti-active  power  or  pull  at  the  rail  in  pounds. 

This  formula  is  biised  upon  the  fact,  that,  neglecting  friction, 
the  work  done  in  lx)th  cylinders  during  any  period,  such  as  one 
revolution,  is  equal  to  that  done  at  the  circumference  of  the  driving 
wheel  during  the  same  time.  It  is  convenient  and  practical,  as  it 
gives  the  hauling  power  of  the  locomotive  when  the  mean  effective 
pressure  in  the  cylinders  is  known.  The  tractive  power  by  this 
formula  includes  the  power  necessary  to  move  the  entire  mech- 
anism of  the  locomotive  and  the  locomotive  itself.  It  is,  in  fact, 
the  entire  work  done  in  the  cylinders  reduced  to  an  equivalent 
pull  on  the  rail.  In  using  it,  a  reduction  must  always  be  made 
for  the  internal  friction  of  the  engine  and  for  the  power  required  to 
move  the  engine  and  tender  in  order  that  the  actual  pull  on  the 
train  itself  may  be  determined. 

This  gives  the  average  tractive  i)ower  of  a  locomotive  and  not 
its  starting  power  which  should  be  taken  at  the  maximum  pull 
and  not  the  average. 

As  the  tractive  power  depends  upon  the  mean  effective 
pressure,  and  as  the  mean  effective  pressure  varies  with  the  point 
of  cutroff,  it  is  evident  that  the  tractive  power  of  a  locomotive  is 
not  always  the  same.  The  effect  of  a  variation  of  the  point  of 
cut-off  in  a  stationary  engine  is  explained  in  Steam  Engine  Indi- 
Ciitors.  It  is  more  \nniect\y  sliown  by  Figs.  54  and  55.  Fig.  54 
represents  a  card  taken  from  a  locomotive  at  the  moment  of 
starting,  where,  with  a  boiler  pressure  of  180  lbs.  per  square  inch, 
a  mean  effective  pressure  of  105  lbs.  is  obtained.  Fig.  55  repre- 
sents a  card  taken  from  the  same  locomotive  after  a  speed  of  57 
miles  an  hour  had  been  attiined.  In  this  card  the  mean  effective 
pressure  had  fallen  to  48  lbs»  per  square  inch.     Hence,  in  this 
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case,  the  tractive  power  of  the  locomotive  was  only  about  34  pel 
cent.,  at  57  miles  per  hour,  of  what  it  was  at  starting. 

Furtlier,  the  rotative  effect  even  with  uniform  cylinder  pres- 
sure, is  not  constant  but  the  maximum  varies  by  about  15°  on 
each  side  of  the  45°  ix)int  of  the  ci*anks. 

To  prevent  slipping  it  may  be  stjited  that  the  average  trac- 
tive force  should  not  exceed  22  per  cent,  of  the  adhesive  weight, 
as  this  will  prevent  the  maximum  rotative  force  exceeding  the  25 
per  cent,  used  before  in  all  but  the  |  and  ^  cut-offs,  and,  as  the 
speeds  are  generally  high  at  these  points  the  inertia  of  the  wheels, 
etc.,  would  probably  prevent  slipping  at  tlie  maximum  points. 

Train  Resistance.  Tlie  resistance  offered  by  a  ti*ain  j>er  ton 
of  weight  varies  with  tlie  speed.     This  resistance  also  varies  with 
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the  kind  of  car  hauled,  tlie  condition  of  tlie  track,  and  the  con- 
dition of  the  journals  and  bearings. 

Taking  the  average  condition  of  American  rolling  stock,  train 
resistiince  is  probably  best  represented  by  the  formula  published 
in  tlie  EtKjineeritKj  News  which  is 

S 
R=-^-+2 

in  which 

R  =  Resistance  in  pounds  })er  net  ton  (2000  lbs.)  of  load. 

S  =:  Speed  in  miles  per  hour. 

The  force  for  starting  is,  however,  about  20  pounds  per  toil, 
which  falls  to  5  pounds  as  soon  as  a  low  rate  of  speed  is  attained. 

The  resistance  due  to  grades  is  expressed  by  the  formula 

R'  =  0.38  M. 
in  which 
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R'  =1  resistance  in  pounds  per  net  ton  of  load, 

M  :=  Gi-ade  in  feet  per  mile. 

2  000 

The  coefficient  0.88  =  Z^ . 

5,280 

(See  Mechanics  Part  1.) 

Tlie  resistance  due  to  curves  is  generally  taken  at  from  0.5 
to  0.7  pounds  per  ton  per  degree  of  curvature.  Taking  tlie  latter 
value,  and  assuming  that  locomotives,  on  account  of  tlieir  long, 
rigid  wheel  base,  produ(;e  double  the  resistiince  of  cai-s,  we  have 

R"  =  0.7  C  for  cars, 

=  1.4  C  for  locomotives, 
in  which 

R"  ::=:  Resistance  due  to  curvature  in  pounds  j^er  net  ton, 
C    -~=  Curvature  in  degrees. 

EXAMPLE  FOR  PRACTICE. 

Wliat  will  be  the  total  resistance  of  a  train  consisting 
of  a  locomotive  weighing  140,000  pounds  and  cai-s  weighing 
260,000  j)ounds,  when  running  at  a  speed  of  12  miles  per  hour  up 
a  grade  of  .8  of  one  per  cent,  and  on  a  cui-ve  of  (5  degrees? 

Ans.  5,344  poimds. 

These  resistances  do  not  take  into  account  that  added  by  the 
acceleration  of  the  train.     This  may  be  expressed  by  the  formula; 

R'"^0.0132  V2 
in  which 

V  ::=  speed  attiiined  in  one  mile,  expressed  in  miles  per  hour, 
starting  from  rest.  f 

R'"  =1  Resistance  due  to  acceleration  in  pounds  per  net  ton. 

Locomotive  Ratin^^,  As  a  locomotive  is  intended  to  haul 
loads  and  as  it  is  doing  its  work  most  economically  and  efficiently 
when  it  is  working  to  its  full  capacity,  it  becomes  necessary  to 
determine  how  much  it  can  haul.  The  determination  of  the 
weight  of  the  train  to  be  hauled  by  a  locomotive  is  called  the 
rating  of  the  locomotiv(\  This  weight  will  vary  for  the  same 
locomotive  under  different  conditions.  The  variation  is  caused 
by  differences  in  grade,  curvature,  tem[)erature  condition  of  the 
rail,  and  amount  of  load  in  the  cars.  Tlie  variation  due  to  the 
differences  of  car  resistance  arising  from  a  variation  of  the  condi* 
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tions  of  the  journals  and  lubrication  is  neglected  because  of  the 
assumption  of  a  general  average  of  resistance  for  the  whole. 

The  usual  method  of  rating  locomotives  at  present  is  that  of 
tonnage.  That  is  to  say,  a  locomotive  is  rated  to  haul  a  train 
weighing  a  certain  number  of  tons  over  a  division.  This  is  pre- 
ferred to  a  given  number  of  loaded  or  empty  cars  because  of  the 
indefinite  variation  in  the  weights  of  the  loads  and  of  the  cars 
themselves. 

In  the  determination  of  a  locomotive  rating  there  are  several 
factors  to  be  considered.  These  are :  the  power  of  the  locomotive 
and  its  adhesion  to  the  rails,  the  resistance  of  trains  including  the 
normal  resisti\nce  on  a  level  and  that  due  to  grades  and  curves: 
the  value  of  momentum ;  the  effect  of  empty  cars  and  the  effect 
of  weather  and  the  seasons. 

The  power  of  the  locomotive  and  its  adhesion  to  the  rails 
have  already  been  considered.  From  the  formulae  given  the 
traction  can  be  calculated  with  approximate  accuracy  from  data 
already  at  liand. 

There  are  three  methods  in  use  for  obtaining  «a  proper  ton- 
nage rating:  firat,  the  practical  method  which  consists  in  trying 
each  class  of  engine  on  each  critical  or  controlling  part  of  the 
division  and  keeping  on  trying  to  see  what  can  be  hauled  until 
the  limit  is  reached.  Second,  a  more  rapid  and  satisfactory  method 
is  to  determine  the  theoretical  rating  and  work  with  that.  Third, 
the  most  satisfactory  method  is  to  first  determine  the  theoretical 
rating  and  then  cheek  these  figures  by  the  results  of  actual  trials. 

The  value  of  the  niomentun|  is  a  very  important  element  in 
the  determination  of  the  tonnage   rating   of  locomotives   on  the 
majority  of  railroads.     In  mountainous  regions,  with  long,  he^ivy 
grades  there  is  little  opportunity  to  take  advantage  of  the  force 
due  to  monieiituni,  while  on  undulating  roads  it  may  be  utilized 
to    the    greatest  advantage.       A    velocity    approach    to    a  grade, 
when  it  can  be  reduced  in  ascending  the  same,  enables  the  engine 
to    haul    greater    loads    than    it   could    without  such  assistiince. 
Hence,  stops,  crossings,  curves,  water  tanks,  etc.,  will  interfere 
with  the  make-up  of  a  train  if  so  h)cated  as  to  prevent  the  use  of 
mouientum,  and  it  is  necessary  to  bear  all  these  points  in  mind 
when  figuring  the  rating  for  an  undulating  division. 
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The  ordinary  method  of  allowing  for  momentum  is  to  deduct 
the  velocity  head  from  the  total  ascent  and  consider  the  grade 
easier  by  that  amount. 

Suppose,  for  example,  that  5,000  feet  of  1  per  cent,  grade 
were  so  situated  that  trains  could  approach  it  at  speed.  The  total 
rise  of  the  grade  would  be  50  feet,  but  of  that  15  feet  could  be 
overcome  by  the  energy  of  the  train,  leaving  35  feet  that  the  train 
must  be  i-aised  by  the  engine.  A  grade  in  which  the  rise  is  35 
feet  in  5,000  would  be  a  0.7  per  cent,  grade,  so  that  if  the  engine 
could  exert  sufBiiient  force  to  overcome  the  train  resistance  and 
that  due  to  a  0.7  per  cent,  grade,  the  train  could  be  lifted  the 
remainder  of  the  height  by  its  kinetic  energy.  In  this  case  the 
5,000  feet  of  1  per  cent,  grade  could  be  replaced  by  5,000  feet  of 
0.7  per  cent,  gi-ade,  and  the  eflfect  on  the  load  hauled  by  the  engine 
would  be  the  same,  if  in  the  latter  case  the  energy  of  the  train 
were  not  taken  into  account.  Since  the  height  to  which  the 
kinetic  energy  raises  the  train  is  independent  of  the  length  of  the 
grade,  its  effect  becomes  far  less  when  the  grades  are  long  than 
when  short.  Thus  for  1  per  cent,  grade  1,000  feet  long,  since 
the  total  rise  is  only  10  feet,  the  kinetic  energy  would  be  more 
than  sufficient  to  i-aise  the  weight  of  the  train  up  the  entire  grade, 
leaving  only  the  frictional  resistances  to  be  overcome  by  the 
engine  ;  whereas,  if  the  grade  were  50,000  feet  in  length  or  a  total 
rise  of  500  feet,  the  energy  of  the  train  would  only  reduce  this  by  15 
feet,  le}iviog48;)  feet  or  the  equivalent  of  a  0.99  per  cent,  grade  to 
be  overcome  by  the  engine,  a  reduction  not  worth  considering. 

It  is  thus  seen  that  the  length  of  the  grade  exerts  a  great 
intluence  on  the  value  of  the  momentum. 

Within  ordinary  limits  the  following  formula  can  be  used 
with  fairly  approximate  results. 

c^  8  P  m 


r  = 


«'+i:r(i-   ""--' 


"^f     1         0.00566  a !  (1 +i^) 

where  c  represents  the  diam'3tei  of  cylinder  in  inches. 
9  represents  stroke  in  inches. 
P  m  represents  the  mean  effective  pressure. 
il  represents  diameter  of  driver  in  inches. 
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R'^  represents  resistance  in  pounds  per  ton  on  level  due  to 
jfriction,  air.  curves  and  velocity  (.say  eiglit  pounds  per  ton). 

R^  represents  resistance  in  pounds  per  ton    due  to  gravity 

a 


2.(34 

a  represents  grade  in  feet  per  mile. 

I  represents  length  of  grade  in  feet. 

K represents  velocity  in  miles  per  hour  at  foot  of  gmde. 

V  n*presents  velocity  in  miles  per  hour  at  top  of  grade. 

y  represents  tons  (including  engine  and  cabin  car)  which  can 
be  hauled  over  a  grade  with  velocities  of  V  and  v. 

Thus  with  an  engine  having  17  in.  by  24  in.  cylinders  and 
62  in.  wheels  and  a  velocity  of  30  miles  an  hour,  the  formula  gave 
a  rating  of  738  tons.  On  actual  tests  it  was  possible  to  haul  1'6\ 
tons  with  a  speed,  at  the  top  of  the  hill,  of  10  miles  an  hour. 

Where  the  grades  are  not  too  long  it  is  well  to  make  a  table 
of  engine  ratings  from  the  formula  for  several  portions  of  the  line 
of  railway. 

The  effect  of  empty  cai*s  is  to  somewhat  reduce  the  total  ton- 
nage of  the  train  below  what  could  be  hauled  if  they  were  .all 
loaded.  The  resistance  of  empty  cars  varies  from  30  to  50  per 
cent,  more  per  ton  of  weight  than  loaded  cars.  This  refers  to  a 
straight  and  level  track. 

In  nsing  the  formula  on  page  60  for  train  resistances,  it 
should  be  tuken  to  apply  to  loaded  cars  to  which  40  per  cent,  may 
be  added  for  empty  cars.  Tiiat  is  to  say  :  if  a  train  is  composed 
of  empty  and  loaded  cars  and  it  is  found  to  have  a  certain  resis- 
tance, 43  [)er  cent,  sliould  be  added  to  the  portion  of  resistance 
due  to  the  empty  cars. 

There  is  'considerable  difference  of  opinion  regarding  the 
allowance  that  should  be  made  for  the  conditions  of  the  weather, 
etc.  The  following  is  a  fair  allowance  that  has  been  found  to 
work  well  in  practice :  7  per  cent,  reduction  for  f rostv  or  wet 
rails;  15  jier  cent,  reduction  for  from  freezing  to  zero  t^jmpera- 
ture  ;  20  per  cent,  reduction  for  from  zero  to  20  degrees  below. 

The  UvSe  of  pushing  or  helping  engines  over  the  most  difficult 
grades  of  an  undnlating  track  w^ill  increase  the  train  load  and 
reduce  the  cost  of  transportation. 
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The  Tender  consists  of  ii  Hupai-ato  car  itttitohed  to  the  reiir  of 
the  liii;r)motivi;  piiipt-r  iiiul  is  desigiiod  tn  cany  the  iu'oe>isarj'  etuil 
iiiul  witter.  It  coit.sists  of  three  essential  parts  :  tlio  rimiiing gear, 
the  fniiiif  iiiiil  the  tank. 

The  Trucks.  The  niiiiiing  gear  comprisca  the  two  tiiicks 
that  are  usiiiilly  placed  Ix-iieaLli  Amoricaii  lociitiiotive  tfjndera. 
These  trucks  include  the  wheels,  axles,  oil-ljoxesaiid  tmek  frames. 

The  wheels  may  he  inailu  of  east  iron  with  a  cliilled  tread  or 
may  have  steel  tires  similar  in  form  to  those  useil  on  the  driving 
wheels.      These    wheels   are    pressed    upim    the   axles    with   an 


liydi-anlic  jiressure  of  from  35  l"  50  tons.  Fifj.  50  shows  a  sec- 
tion of  a  Ciust  iron  wheel  as  pressed  u[ion  an  axle.  It  coiLsists  of  a 
tread  A,  the  plate  B  and  the  huh  C.  The  tread  is  of  a  standard 
sli<ipe  and  is  shown  with  all  dimensions  in  Fig.  1'!. 

The  iixles  me  now  ahnost  invariahly  made  of  steel.  They 
taper  from  a  nmxinnun  diiiiueter  at  the  wheol-scat  D  to  a  smaller 
diameter  at  the  center.  Outside  the  wheei-seat  there  is  a  dust- 
guard  Itearing  !•'  with  wliit'h  a  [laeking,  pLieed  in  the  siKices  in  the 
1>ox  alxiut  it,  is  in  contiut.  This  prevents  the  access  of  dust  to 
the  box  from  the  back.  N'ext  to  the  ihist  gnaiil  comes  the  jonmal 
heaiiTig  F  and  heyiind  this  is  the  collar  G  that  hiihls  the  oil  box 
in  {x>sition  oit  the  axle. 
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The  center  plate  is  carried  by  the  tran&oios  B  which  are,  in  turn, 
bolted  to  t)ie  side  pieces  or  frames  0.  The  frames  rest  upon  the 
springs  D  that  rest  upon  the  hangers  F  swinging  from  tlie  equal- 
izers K  that  filially  deliver  the  weight  to  the  axle  boxes. 

The  centei-plat«  A  may  be  of  cast  or  malleable  iron,  a  steel 
casting  or  pressed  steel.  It  Ls  merely  a  plate  \vith  a  circular 
bearing  upon  which  a  similar  plate  fastened  to  the  frame  rests.  In 
the  truck  shown,  each  transom  is  formed  of  an  upper  and  lower 
memlter  of  flat  steel.  Tlie  upper  member  G,  Fig.  59,  is  working 
under  compression  ami  tlie  lower  meml>er  II  is  under  tension. 
The  side  bars  C  are  formed  of  heavy  pieces  of  steel  to  which  are 
bolted  the  transoms  and 

which    are    also    fitted  —    f^,  ,T    T  ,?h  - 

with  [pedestals  of  cast 
iron  I  at  their  outer  ends 
in  wliieh  the  oil  boxes 
are  free  to  move  up  and 
down.  These  jwdestals 
are  tied  together  at  the 
bottom  hy  a  pedestal 
brace  K  that  is  firmly 
bolted  to  each  leg.  These  braces  are  themselves  stayed  by  the 
cross-ties  L  L  which  also  form  a  part  of  the  transoms  by  being 
bolted  then^to  by  the  Iwlta  M  M. 

Tliis  truck  differs  essentially  from  the  engine  truck  Fig.  18 
in  that  the  bearings  are  outside  the  wheels  instead  of  being 
between  tlie  same.  The  equalizers  E  are,  therefore,  outside  the 
wheels  l»ut  on  either  side  of  the  fr.ime.  They  rest  directly  upon 
the  oil  lioxes  and  carry  the  springs  thvougii  tlie  hangei-s  P. 

The  tender  truck  also  differs  from  the  engine  truck  in  that  it 
is  provided  with  brakes.  The  brakebeams  are  hung  from  the 
transom  l)y  the  lianger  N  that  is  auspendeo  from  the  piece  O  bolted 
to  the  up[>er  bar  of  the  transom  and  the  gusset  brace  P  hy  which 
the  side  pieces  and  transoms  are  prevented  from  varying  tlieir 
relative  positions. 

The  brake  levers  may  be  arranged  as  shown  in  Fig.  33  or 
Fig.  36  of  "Air  Brakes."  In  Figs.  57  to  59  tlie  method  of  Fig. 
33  (Air  Brakes)  is  followed. 


Fig.  so. 
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As  the  frame  is  Iwlanced  on  the  center  plate  A,  it  would  tip 
from  one  side  to  the  other  were  not  some  means  of  preventing  it 
intei-poBcd.     This  is  done  with  tlie  side  bearing  Q  nnd  R;  tlie 


Fit'.   01. 

former  Ix'ing  bolted  to  tlie 
transoms  and  the  latter  ti» 
the  body  boUtor  of  the 
frame. 

The  second  form  of  ten- 
der truck  is  shown  in  Figs, 
60,  61  and  62.  These 
show  what  is  known  as  the 
diamond  frame  trnvk.  The  wheels,  axles  and  oil  boxes  are  tbe 
same  as  in  the  trwk  previously  described.  The  oil  boxes  are, 
however,  rigidly  Itolt^-d  in  Iwtween  the  bars  at  A  A.     The  side 
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frame  is  formed  of  three  bars,  B  the  upper  arch  bar,  C  the  lower 
arcli  bar  and  D  the  pedestal  tie-bar.  The  transoms  E,  are  usually 
made  of  steel  channels  and  are  iigidly  fastened  to  the  side  frames 
by  the  column  bolts  F.  The  center-plate  is  carried  by  a  bolster  G 
that  rests  upon  the  elliptic  springs  II.  These  are  carried  by  seats 
bolted  either  directly  to  the  lower  arch  bar  or  to  a  spring  plank 
extending  from  one  side  frame  to  the  other. 

Tlie  third  form  of  tender  truck  has  a  pressed  steel  frame.  It 
is  shown  in  Figs.  63,  64  and  (io.  Fig.  63  is  a  lialf  side  elevation 
and  half  section  on  the  center.  Fig.  84  is  a  quarter  plan  and 
a  quarter  horizontal  section  on  a  line  with  the  axles.  Fig.  65  is 
a  half  end  elevation  and  half  section  through  the  center. 

The  peculiarities  of  this  form  of  truck  are  the  frames,  tran- 
soms and  bolster  which  are  pressed  out  of  steel  plates  and  the  use 
of  two  sets  of  springs.  The  pedestal  jaw  is  deep  enough  to  admit 
the  oil  box  and  on  top  of  it  there  is  a  nest  of  coil  springs  to  cany 
the  frames.  The  elliptic  springs  upon  which  the  bolster  rests,  are 
carried  by  U-shaped  straps  X  that  are  sui)ported  by  the  transoms. 
The  center  plate  is  also  of  pressed  steel. 

Among  the  standards  in  use  upon  all  American  i*ailroads  are 
the  brakeshoe  and  head  shown  in  Fig.  66.  The  slioe  A  is  held  to 
the  head  C  by  the  key  B.  The  attachment  of  the  l)rakehead  to 
the  brakebeam  may  be  of  any  shape  to  suit  the  form  of  tlie 
latter. 

The  Frame  of  the  tender  wixs  formerly  made  of  wood  but 
now,  in  most  new  work,  steel  is  used.  Sucli  a  tender  frame  is 
shown  in  Fig.  67.  The  construction  must  be  simplo  and  exceed- 
ingly strong  in  order  to  meet  the  requirements  of  the  work  to  l)e 
done.  The  sills  A  are  steel  channels  firmly  riveted  to  end  plates 
B  by  means  of  angles. 

The  other  cross  connections  are  the  body  bolsters  C  and  a 
cross-tie  D.  Distortion  is  prevented  by  the  diagonal  braces  E. 
The  construction  of  the  body  bolster  is  shown  in  the  cross-section 
where  it  will  be  seen  to  consist  of  an  upper  tension  member  F 
ihat  is  bent  to  make  the  connection  with  the  side  sills  and  a  com- 
pression member  G.  The  center-plate  is  bolted  to  the  latter.  At 
the  front  end  next  the  engine  there  are  steps  H  on  each  side  and 
a  rubbing  plate  I  to  protect  the  frame  from  wear  at  the  point 
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where  it  comes  in  contact  with  the  ensrine.     At  the  rear  there  is 
the  coupler  K  for  attaching  the  t-ars. 

This  frame  must  hiive  ample  stren^^th  to  not  only  transmit  all 
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of  the  {xnver,  ilevelojwi  l-v  the  Kvomotive,  to  the  tniin,  but  also 
must  Iv  able  to  sustain  ali  of  the  blows  ami  shocks  that  may  l^ 
ilelivertnl  to  it  in  service.  Tliese  shocks  mav  W  far  in  excess  01 
anything  that  the  kvoni'^tive  is  cipable  of  developing. 


LOCOMOTIVE  BOlLEIiS  AND  E>fGINES. 


11 


This  fact  requires  tliit  coiiiiectioii  l:>etweeii  tlie  engine  and 
tender  to  1)«  exceptionally  stmiig.  Yet  it  must  have  a  certiiin 
amount  of  flexibility  in  order  to  nut  only  reli<ive  the  shocks  that 
may  be  delivered  by  the  one  to  the  other  but  idao  to  piTmit  the 
variations  of  alignment  due  to  curving  and  tliose  of  height  arising 
from  a  change  of  load  on  the  tender. 

A  strong  and  satisftictory  form  of   connection  between  the 
engine  and  tender  i.s  tihowu  in 
detail  by  Fig.  68. 

There  are  really  three  con- 
nections. 

At  the  center  there  is  a, 
strong  bar  A  shown  by  tlotted 
lines  that  ia  4  inches  wide  and 
1^  inches  thick. 

This  ia  held  by  a  large  pin 
at  each  end  in  Ciistings  firmly 
bolted  to  the  end  piece  of  the 
engine  and  tender  frames  re- 
Bpectively.  The  holes  in  the 
bar  are  slightly  elongated  so  as 
to  permit  of  a  modei-ate  amount 
of  compression  of  the  spring  in 
the  bnlTmg  casting  B  that  is 
bolted  to  tfie  end  or  tail  piece 
of  the  engine.  The  two  side 
bai-8  C  C  are  merely  safety  con- 
nections. Tliey  are  held  by  pins  like  the  main  drawbar  A.  The  ends 
in  the  tender  have  long  slotted  holes  so  that  the  tender  frame  can 
tui  n  as  it  may  be  necessary  without  putting  any  stress  upon  them. 
If.  however,  the  centi-al  connection  should  be  broken  the  ends  of 
tlie  s!ott*'d  holes  at  once  eome  to  a  hearing  and  further  separation 
of  the  engine  and  tender  i-s  prevented. 

Tanks,  There  ia  one  form  of  tank  used  on  locomotive  ten- 
ders that  is  universal.  It  is  the  U-shaped  as  shown  in  half  plan 
and  longitudinal  section  in  Fig.  69  and  in  cross  section  in  Fig.  70. 
The  open  space  between  the  two  legs  is  used  for  the  ston^  of  the 
fuel  and  the  tank  itself  for  the  water.     Two  minor  variations  In 


Fig.  CO. 
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tlio  fiinii  111*'  Tised :  The  stuping  Iwck  A  of  the  fuel  space  is  some- 
tiiin's  iiiiiilc  veiticiil.  Tlio  liurizoriHil  Itack  end  of  tiie  tank  is 
Honiflimca  niiuld  sloping  in  llu;  mi.'te  of  switching  locomotives,  »!< 
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in  Fig.  25,  in  order  to  piiriiiit  tlte  engineer  to  see  the  tracks  close 
to  till!  engine,  wlien  running  bitckwarils. 

Tanks  are  now  niaile  of  steel  tiirongliout,  the  plates  l)eing 
al>out  I  inch  thick.  It  i.s  necessary  that  they  shonkl  be  siilietan- 
tially  constructed  in  order  that  tliey  may  withstand  the  uhoelu 
due  to  the  bulging  of  tlie  contained  water  iis  well  as  thotje  caused 


by  the  movements  of  the  tniiiis.     Stiffness  is  obtained  by  the  use 
of  iinglo  and  T-.sliii[>('d  bntcus  and  tie-iwls  ivs  shown  at  B  B. 

Watijr  is  adniillfil  through  tlie  opening  0.  A  tool  box 
may  l>e  placed  at  D  for  the  receptiim  of  spare  links  anil  pina,  and 
for  derailing  frogs,  jackn  and  other  tools  that  are  carried  on  the 
locomotive.  Tool  boxes  for  small  tools  and  signals  are  also 
usually  placed  at  the  front  end  on  the  top  of  each  water  leg.  The 
coal  is  held  in  position  by  gates  or  boards  dropped  into  the  groove 
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E  formed  by  two  angles.     Tlie  outtr  face  of  the  tank  is  extended 
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fe- 


upward  Ly  tlie  iiddition  of  a  flare  from  8  inches  to  12  inches  bight 
by  which  ai-ticle^i  canied  on  tlie  back  end  of  the  tank  are  prevented 
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from  falling  tiff,  and  by  which  the  coai-canying  capacity  is  also 
greatly  increased. 

Tanks  uaed  on  northern  railroads  are  alao  provided  with 
steam  pipes  H  by  which  the  water  can  be  warmed  in  cold  weather 
so  as  to  prevent  freezing.  Thia  heater  consista  of  a  coil  of  li 
inch  iron  gas  pipe  by  which  steain  is  taken  in  from  a  valve  in  the 
cab.  Sometimes  this  coil  is  connected  with  the  safety  valve  so 
tliut  all  steam  escaping  therefrom  is  utilized  in  warming  the  \vater. 

Great  care  must  be  taken  that  the  tank  is  firmly  secured  to 
the  frame.  This  is  done  by  means  of  belts  jiassing  through  the 
lugs  G  0.     Unless  this  is  done  the  tank  with  its  cnntente  will  be 
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Fig.  70. 


shifted  under  the  influence  of  the  shocks  to  which  it  wiU  be 
subjected. 

The  capacities  of  tiinks  are  varied  according  to  the  size  of  the 
locomotive  and  the  service  which  it  is  to  be  called  upon  to  per^ 
form.  The  rating  of  thinks  is  in  gallons  of  water  and  tons  of  coal, 
For  switching  engines  and  engines  engaged  in  short  passenger 
runs  the  tank»  may  I)c  comparatively  small.  Tanks  of  2,000 
gallons  capacity  are  frequciilly  used  for  the  lattc-r  service  and 
even  smaller  one.s  for  the  former.  For  long  passenger  and  heavy 
freight  runs,  tanks  are  made  with  capacities  of  6,000  gallons  and 
more. 

In  determining  the  capacity  of  a  tank  to  be  used  in  connec- 
tion with  a  locomotive  the  work  to  be  done  must  be  considered 
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This  consists  first  in  a  determiiiation  of  the  speed  at  which  the 
train  is  to  1)6  run,  the  weight  of  the  train,  the  size  of  the  cylinders 
that  are  to  do  the  work,  the  gmdes  that  are  to  he  overcome,  and 
the  distances  between  points  where  the  tanks  can  be  refilled  with 
water.  The  nearer  these  points  are  together  the  smaller  may  be 
the  tank.  No  definite  nile  can  be  made  for  a  calculation  on  the 
subject  and  cxpcrienct*  is  l)etter  than  mathematics.  However,  an 
approximation  can  be  made  in  a  preliminaiy  calculation. 

F'or  the  onlinary  Iiigh-speed  express  passenger  locomotive  a 
water  consumption  of  35  pounds  per  horsepower  per  hour,  may  be 
tiiken  as  an  avcrai^e. 

Suppose  then,  a  train  weighing,  with  the  locomotive,  250  tons 
is  to  be  run  for  a  distance  of  50  miles  at  an  aveiuge  speed  of  60 
miles  an  hour.     Froui  tlie  fonnula 

V 
R  =  |  +  2 

we  Iiave  a  train  re:?istance  of  17  pounds  per  ton  or  a  totiil  of  4250 
pounds.  The  speed  is  5,280  feet  per  minute,  hence  the  hoi-se- 
jKjwer  developed  is 

II.  1'.  =  L-80  X  1250  ^  gg^, 

83000 

To    tin's  2")  ])t'r  (MMit.  should    be    added    for    the    difference 
])et\vern    (»lYc(tiv'(^  and    indicated    horsepower  making    the    latter 

8^)0  II.  r. 

In  one  hour,  th(Mi,  tliere  would  be  used  850  X  35  =  29,750 
pounds  of  water,  and  in  fitty  minutes  2-4,791^  pounds.  As  a 
gallon  wcIltIis  alM)ut  S.:>.*)  pounds  the  consumption  would  be 
r^,000  gallons  (nearly).  This  is  for  a  straight  and  level  track. 
An  advi'rse  tirade  of  one  quarter  of  one  per  cent,  for  half 
tli(*  distance  would  add  about  '25  per  cent,  to  the  hoi'sepower for 
half  the  time,  which  would  call  for  an  additional  water  consiimp 
tion  of  nearly  4O0  irallons  which  on  an  ordinary  road  would  have 
to  be  doubled  for  curves  making  a  total  of  about  3800  gallons. 
As  there  must  always  be  an  am[)l(»  reserve  for  such  a  service,  tht? 
tank  should  have  a  capacity  of  alx)ut  5,000  gallons  to  allow  for 
emergencies  aud  errors  of  calculation. 
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The  rate  of  35  pounds  of  water  per  Iioisepower  may  be 
greatly  exceeded  and  other  ullowanee  shoiil<l  be  made  amounting, 
in  all,  to  at  legist  2o  per  cent,  above  the  calcuhvted  amount. 

In  the  matter  of  coal  cons iim'iit ion  a  fair  working  allowaiiee 
will  be  on  a  basia  of  7  pounds  of  iviiter  evaporated  per  pound  of 
comI.  In  the  above  case  the  5,000  gallons  of  water  would  require 
5,7'l5  [lounils  of  coal  for  which"  a  space  for  thi-ee  tons  must  be 
j>rovided.  If  tiie  engine  is  to  muke  a  round  trip  with  one  coal- 
ing, the  tender  must  have  a  caimcity  for  6  tons.  For  this  45 
cubic  feet  to  the  ton  must  be  allowed  or  270  cubic  feet  of  coal 
space. 


Fig.  71. 


Huns  greatly  exree'liiig  50  miles  without  stop  can  only  be 
done  on  roads  provided  with  ti'sck  tanks  for  taking  water  into  the 
tender  while  the  train  is  in  motion.  This  is  accomplished  hy 
means  of  a  tank  placed  in  the  center  of  the  trr.ck.  This  tank  is 
usually  m^ide  from  6  inches  to  8  inches  deep  and  1,800  feet  long.  ' 
When  the  tender  is  over  the  tank  a  scoop  is  lowei'ed  into  the 
water  and  the  latter  is  caught  and  by  its  own  inertia  ia  forced  up 
into  the  tank  of  the  tender. 

Su<;h  a  scoop  is  shown  In  Fig.  71,  where  it  ia  shown  lowered 
into  the  track  tank. 
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In  this  design  tlie  scoop  A  is  pivoted  at  B  to  the  bottoiD  u( 
the  delivery  pipe  and  is  raised  and  lowered  by  means  of  the  series 
of  levers  C,  D,  E  and  F.  The  downward  tbniat  upon  the  lip  of 
A,  when  the  scoop  is  moving  through  the  water  is  balanced  by 
the  springs  G.  The  back  thrust  of  the  water  against  the  lower 
end  of  the  delivery  pipe  is  sustained  by  the  rods  I. 

The  manipulation  of  the  scoop  Is  simple.  As  soon  as  the 
tender  is  over  the  track  tank  it  is  lowered 
into  the  position  shown  in  Fig.  71. 
When  the  tender  tank  is  iilled,  or  just 
before  reaching  the  end  of  the  tank  the 
fireman  throws  the  lever  F  into  the 
forward  position  raising  the  scoop  clear 
of  the  track  and  mils.  Should  the  fire- 
man be  slow  in  doing  this  no  barm 
would  result,  since  the  ends  of  the  track 
tank  are  given  a  gentle  slope  upward 
from  tlie  inside. 

The  amount  of  water  delivered  to 
the  tender  varies  with  the  speed  of  tlie 
locomotive.  It  is  quite  possible  to  put 
3,000  gallons  of  water  into  the  tender 
in  a  distance  of  2,000  feet.  With  the 
latest  improved  form  of  scoop  it  is  pos- 
sible to  take  water  at  a  speed  of  forty 
miles  an  hour  without  injuiy  to  the 
apparatus. 

Signals.  A  signal  has  been  de- 
fined as  "a  means  of  communication 
by  audible  or  visible  signs  between  two 
points,  according  to  a  preconcerted 
system."  Railroad  signals  have  for 
~"        Fie   ^■i  their    purpose   the    governing    of    the 

movement  of  trains.  They  are  of 
vai'ions  kinds:  flags,  lanterns,  colored  lights,  semaphores,  discs 
and  targets. 

Targets  are  used  to  indicate  the  position  o(  a  switch.  The 
target  may  indicate  by  form  or  color  or  both.     It  usually  consists 
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of  two  plates  of  thin  metal  at  right  angles  to  each  other  attached 
to  the  switch  staff.  The  setting  of  the  switch  from  the  main 
line  to  a  siding,  for  example,  turns  the  staff  through  a  quarter 
revolution  thus  exposing  one  or  the  other  of  the  discs  to  view 
along  the  track.  The  discs  or  targets  are  usually  painted  red  and 
white  respectively.  When  the  red  signal  is  exposed  the  switch  is 
set  to  lead  off  to  the  siding.  When  the  white  one  is  exposed  the 
switch  is  closed  and  the  main  line  is  clear.  At  night  a  red  and 
green  or  red  and  white  light  show  in  place  of  the  target. 

Semaphores.  The  semaphore  may  now  be  considered  as  the 
standard  method  of  controlling  the  movements  of  trains.  It  con- 
sists of  an  arm  A,  Fig.  72,  pivoted  at  one  end  and  fastened  to 
the  top  of  a  post  30  feet  or  40  feet  high.  When  in  the  horizontal 
position  it  indicates 
danger.  When  dropped 
to  a  position  of  65  or  70 
degrees  below  the  hori- 
zontal as  in  Fig.  73  it 
indicates  safety. 

At  night  the  sema- 
phore is  replaced  by  a 
light.  There  are  two 
systems  of  light  signals. 
One  is  to  use  a  red  light 
for  danger,  a  green  light  for  safety,  and  a  yellow  light  for  caution. 
The  other  uses  red  for  danger,  white  for  safety  and  green  for  caution. 
The  former  will  probably  soon  be  the  standard.  The  method  of 
operation  is  to  have  a  lantern  B,  Fig.  73,  attached  to  the  left-hand 
side  of  the  signal  port  in  such  a  position  that,  when  the  sema- 
phore arm  is  in  the  horizontal  position,  the  spectacle  glass  C  will 
intervene  between  the  approaching  engine  and  the  lantern  as  in 
Fig.  72.  This  spectacle  glass  is  red.  Where  green  is  to  be 
shown  with  the  semaphore  in  the  position  of  Fig.  73,  the  spectacle 
frame  is  double,  as  in  Fig.  74.  The  upper  glass  being  red  and 
the  lower  green. 

Semaphore  arms  are  of  two  shapes :  square  at  the  ends  as  in 
Figs.  72  to  74  and  with  a  notched  end  as  in  Fig.  75.    The  square 
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ended  semaphore  is  used  for  what  is  known  as  the 
home  and  advance  signals  and  the  notched  end  for 
distant  signals. 

Semaphores  are  set  so  as  to  be  pivoted  at  the 
left  hand  end  as  viewed  from  an  approaching  train. 
The  arm  itself  extends  out  to  the  right. 

The  use  of  home,  distance  and  advance  signals 
is  as  follows :  The  railroad  is  divided  into  blocks  at 
each  end  of  which  a  home  signal  is  located. 
AVhen  the  home  signal  is  in  the  horizontal  or  danger 
position  it  signifies  that  the  titick  between  it  and  the 
next  one  in  advance  is  obstructed  and  that  the  train 
must  stop  at  that  point. 

The  distance  signal  is  placed  at  a  suitable  dis- 
tance in  front  of  the  home  signal,  usually  from  1,200 
feet  to  2,000  feet,  and  serves  to  notify  the  engineer 
of  the  position  of  the  home  signal.  Thus,  if,  when 
he  passes  the  distant  signal,  the  engineer  sees  it  to 
be  in  the  horizontal  position,  he  knows  that  the  home 
signal  is  in  the  danger  position  and  he  must  be 
prepared  to  stop  at  that  point,  unless  it  be  dropp^^d 
to  safety  in  the  meantime.  The  distant  signal 
should  show  the  cautionary  light  signal  at  night. 

Tlie  advance  signal  is  used  as  a  supplementary 
home  signal.  It  is  frequently  desimble,  especially 
at  stations,  to  permit  a  train  to  pass  a  home  signal 
^  at  danger  in  order  that  it  may  mako  a  station  stoj), 
and  remain  there  until  the  line  is  cleared.  An  ar- 
rangement of  block  signals  is  shown  in  Fig.  76. 
There  are  three  home  signals,  A,  B,  and  C  on  the 
west  bound  trnck,  the  distance  between  them  being 
the  length  of  the  block.  This  distance  may  vaiy 
from  1,000  feet  to  seveial  miles.  D,  E  and  F  are 
the  corresponding  home  signals  for  the  east-bound 
track.  The  distance  signals,  G,  H,  I  and  K  protect  the  home 
signals  H,  C,  E  and  F  respectively.  L  is  the  advance  signal  at 
the  station  M  for  the  home  signal  B. 

Thus  a  train  scheduled  to  stop  at  M  will  be  allowed  to  run 


f 


r 


w% 


LOCOMOTIVE  BOILERS  AND  ENGINES!  81 

past  the  home  signal  at  B,  when  it  is  at  danger,  and  stop  in 
iront  of  the  advance  signal  L.  Wlien  L  is  lowered  to  safety  the 
train  can  move  on. 

The  signals  of  a  block  are  usually  interlocked.  That  is  to 
say,  one  signal  cannot  be  moved  to  danger  or  safety  until  others 
have  been  moved.  Tlie  signals  of  two  succeeding  stations  are 
also  interlocked,  usually  electrically. 

Tlie  following  interlocking  principles  have  been  established  : 

'*  1.  Each  home  signal  lever,  in  that  position  which  corre- 
sponds to  the  clear  signal,  nmst  lock  the  o[)erating  levers  of  all 
switches  and  switch  locks,  which,  by  being  moved  during  the 
passage  of  a  train,  running  according  to  that  signal,  might  either: 
a,  throw  it  from  ,the  track:  h,  divert  it  from  its  intended  course ; 
or,  (?,  allow  another  train  (moving  in  either  direction)  to  come 
into  collision  with  it. 

'-2.  Each  lever  so  locked  must,  in  one  of  its  two  positions, 
lock  the  original  home  signal  in  it>  danger  position;  that  position 
of  lever  being  tiken  which  gives  a  position  of  switch,  or  switch 
lock,  contrary  to  the  route  implied  by  the  home  signal  when  clear. 

^*3.  Each  home  signal  should  bj  so  interlocked  with  the 
lever  of  its  distant  signal  that  it  will  be  im})ossible  to  clear  the 
distant  signal  until  the  home  signal  is  cleared. 

**4.  Switch  and  lock  levers  should  be  so  interlocked  that 
crossings  of  continuous  tracks  cannot  occur,  where  such  crossings 
are  dependent  upon  the  mutual  position  of  switches. 

''5.  Switch  levers  and  their  lock  levers  should  be  so  inter- 
locked that  the  lever  operating  a  switch  cannot  be  moved  while 
that  switch  is  locked." 

The  levers  at  one  signal  station  are  locked  from  the  station 
in  advance.  Thus  the  signal  A  cannot  be  put  to  clear  until  freed 
by  the  operator  at  K.     B  cannot  be  cleared  until  freed  by  C,  etc. 

Level's  and  signals  may  be  operated  by  hand,  pneumatic  or 
electric  power,  the  last  two  either  automatically  or  by  an  operator. 

Hall  5is:nal.  The  disc  signals  are  also  used  for  block  signal- 
ing. These  are  usually  automatic.  The  Hall  signal,  Fig.  77,  is 
an  example  of  this  kind.  It  consists  of  a  closed  case  A,  contain- 
ing electric  apparatus  operated  by  a  current  controlled  by  the 
passiige  of  a  train.     When  the  block  is  closed  a  red  disc  fills  the 
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opening  B  by  day,  and  a  red  light  shows  at  C  by  night.  A  cleai 
signal  is  indicated  by  a  clear  opening  at  B  by  day  and  a  white 
light  at  C  by  night. 

Where  a  single  track  is  to  be  operated  by  block  signals  it  is 
customary  to  put  two  semaphores  on  one  pole  as  in  Fig.  78.  The 
arm  extending  to  the  right,  as  seen  from  an  approaching  train,  is 
the  one  controlling  the  movement  of  that  train. 


FiK-  77. 


Fig.  78. 


Dwarf  5ifi:nals  are  in  all  respects  similar  to  the  regular  sema- 
phores I'xcept  in  size.  They  are  usually  short  arms  painted  red, 
staiidintr  -J  ftM»t  to  4  feet  from  the  ground.  They  are  similar  to 
the  lionu'  siii^nal.  They  are  u<ed  only  to  '"  govern  movements  on 
secondary  tracks  or  movements  against  the  current  of  tmilic  on 
main  tracks  when  such  reverse  movement  becomes  necessary,  anJ 
where  necessary  in  yards."  They  are  especially  used  for  govern- 
ing the  movement  of  trains  in  backing  out  of  the  train  shed  at. 
terminals. 

Absolute  and  Permissive  Block  Signalling.  Block  signal- 
ling should  always  be  absolute.  That  is,  when  the  home  signal  is 
at  danger,  no  train  siiould  be  allowed  to  piiss.  It  should  never  te 
cleared  until  the  whole  block  in  advance  is  empty.  That  is,  tlie 
signal  at  \\,  Fig.  7<),  should  never  be  set  to  clear  until  the  last 
preceding  train  has  passed  tiie  horn 3  signal  at  0. 


MO 


LOCOMOTIVE  BOILERS  AND  ENGINES.  83 


Permissive  signalling  is  practiced  by  many  roads.  It  intro- 
duces a  time  element  into  the  system.  Thus  when  a  certain 
time  (from  five  to  ten  minutes)  has  elapsed  after  a  train  has 
passed  a  home  signal,  a  foll)wing  train  is  allowed  to  proceed, 
though  the  signal  still  remains  at  danger.  The  following  train  is 
notified  of  the  occupancy  of  the  block  by  the  preceding  train,  by 
the  display  of  a  cautionary  signal  (usually  a  green  flag  or  light) 
from  the  tower  at  the  signal  so  passed.  It  is  a  dangerous  system 
and  one  subversive  of  good  discipline  and  safety. 

Hand  Signals  are  used  to  govern  the  movement  of  trains  in 
switching  and  other  services  where  the  fixed  signals  previously 
descril)ed  cannot  be  used.  They  are  made  with  flags,  lanterns, 
torpedos,  fusees  and  by  hand.  The  following  signals  have 
been  adopted  .as  a  standard  code  by  the  American  Railway 
Association. 

Flags  of  the  proper  color  must  be  used  by  day  and  lamps  of 
the  proper  color  by  night,  or  whenever  fi*om  fog  or  other  cause  the 
day  signals  cannot  be  clearly  seen. 

Red  signifies  danger  and  is  a  signal  to  stop. 

Green  signifies  caution  and  is  a  signal  to  go  slowly. 

White  signifies  safety  and  is  a  signal  to  go  on. 

Green  and  white  is  a  signal  to  be  used  to  stop  trains  at  flag 
stations  for  passengers  or  freight. 

Blue  is  a  signal  to  be  used  by  car  inspectors  and  repairers, 
and  signifies  that  the  train  or  cars  so  protected  must  not  be 
moved. 

An  explosive  cap  or  torpedo  placed  on  the  top  of  the  rail  is  a 
signal  to  be  used  in  addition  to  the  regular  signals. 

The  explosion  of  one  torpedo  is  a  signal  to  stop  immediately ; 
the  explosion  of  two  torpedoes  is  a  signal  to  reduce  speed  immed- 
iately, and  look  out  for  danger  signal. 

A  fusee  is  an  extra  danger  signal,  to  be  lighted  and  placed 
on  the  track  at  night,  in  cases  of  accident  or  emergency. 

A  train  finding  a  fusee  burning  upon  the  track  must  come  to 
stop  and  not  proceed  until  it  is  burned  out. 

A  flag  or  lamp  swung  across  the  track,  a  hat  or  any  object 
waved  violently  by  any  person  on  the  track,  signifies  danger  and 
is  a  signal  to  stop. 


an 
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The  hand  or  lamp  raised  and  lowered  vertically  is  the  signal 
to  move  ahead  (Fig.  79). 

The  hand  or  lamp  swung  across  the  track  is  a  signal  to  stop 
(Fig.  80). 


FiK-  79. 
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Fig.  S3. 


The  hand  or  lamp  swung  vertically  in  a  circle  across  the 
tiHi'k  when  the  ti'ikin  is  standing  is  the  signal  to  move  Itack 
(Fig.  81). 

The  hand  or  lainj)  swnng  vertically  in  a  circle  at  arm's  length 
across  the  track  wlieii  the  train  is  rumiinij  U  thp  signal  that  the 
train  lias  parted  ( Kiy:.  82). 


Fi<;    b3.  Fig.  84.  Fig.  3.5. 

Train  Signals.  Eacli  train,  wliile  running,  must  display  two 
green  flags  by  day  (Fig.  83)  and  two  green  lights  by  night,  one 
on  eacli  side  of  the  rear  of  the  train,  as  markers,  to  indicate  tlie 
rear  <if  the  ti-aiu. 

Ejich  train  running  after  sunset  or  when  obscured  by  fog  or 
otlier  cause,  must  dlsjiliiy  the  headlight  in  front,  and  two  or  more 
red  lights  in  the  i-ear  (Fig.  84).      Vard  engines  must  display  two 
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green  lights  instead  of  red,  except  wlien  provided  with  a  head- 
light on  both  front  and  rear. 

When  a  tmin  turns  out  to  pass  or  meet  another  train,  the  red 
lights  must  be  removed  and  green  displayed  as  soon  as  the  track 


FlR.  8«. 


Fig.  87. 


is  clear  (Fig-  85),  but  the  red  must  again  be  displayed  before 
returning  to  its  own  track. 

Headlights  on  engines,  when  on  side  ti-acks,  must  l>e  covered 
as  soon  as  the  track  is  clear  and  the  train  hiis  stopped,  and  also 
when  standing  at  the  end  of  a  double  track. 

Two  green  flags  by  <Iay  and  night  (Fig,  86),  and,  in  addition, 
two  green  liglit^  by  night  (Fig.  87),  displayed  in  places  provided 


for  that  purpose  on  tlie  front  of  an  engine,  denote  that  the  train  ia 
followed  by  another  tntin,  running  on  the  same  schedule  and 
entitled  to  the  same  time-table  rights  as  the  train  oarrying  the 
signals. 

Applications  of  the  above  i-ules  to  lin^omotives  running  back- 
ward are  shown  in  Figs.  88,  80,  and  90. 

Fig.  88  shows  the  arrangi'mcnt  i)£  flags  when  a  locomotive 
is  running  backward  by  day  without  ears,  or  pushing  cats  and 
carrying  signals  for  a  following  train.  Tlicre  are  two  green  flags 
one  at  A  and  one  at  H  on  each  sidi'.  Tlie  grfen  flag  at  A  is  the 
cliissification  signal,  and  that  at  IS  ia  llie  murker  dunnting  rear  of 
train. 
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Two  white  flags  by  day  and  night  (Fig.  91),  and,  in  additloo 
two  white  lights  by  niglit  (Pig.  92),  displayed  in  places  provided 
for  that  purpose  on  the  front  of  an  engine,  denote  that  the  tnin 
is  an  extra.  These  signals  must  be  ditiplayed  by  all  extra  timm 
but  not  by  yard  engines. 

Fig,  89  shows  the  ariangement  of  flags  on  a  locomotJTe  that 
is  running  baclcward  by  d,iy  without  cars  or  pushing  cars  and  run- 
ning extra.     There  is  a  wiiite  flag  at  A  and  a  green  one  at  I 


Fig.  01. 


Fig.  02. 


The  white  flag  is  the  classification  signal  and  the  green  flag  is  the 
marker  denoting  the  rear  of  the  train. 

Fig.  90  shows  the  arrangement  of  flags  and  lights  on  a  loco- 
motive that  is  rnnning  liackward  by  night  witliout  cars  or  pushing 
CHI'S  iind  carrying  signals  for  a  following  train.  There  is  a  green 
flag  and  light  at  A  and  a  combination  light 
at  B.  The  green  light  and  fl;^  at  A  serves 
as  a  classification  signal.  The  oombiuatioit 
light  at  B  is  a  marker,  showing  green  on  tlie 
side  and  the  direction  in  which  the  engine 
is  moving,  and  red  in  the  opposite  direction. 
Fig.  92  shows  the  arrangement  of  flags  and 
liglits  on  a  train  running  forward  by  niglit 
and  running  extra.  There  is  a  white  flag  and 
white  light  at  A,  as  a  classification  sigual. 
At  B  there  is  a  combination  light.  This  combination  light  shows 
green  to  the  sides  anil  front  of  the  train  and  red  to  the  rear. 

Fig.  93  sliows  the  ai'rangenient  of  flags  and  lights  on  a  loco- 
motive ruiiiiinsj  backward  by  night  without  cars,  or  pushing  cais 
and  raiiniiig  extiu.  There  are  white  flags  and  white  lights  at 
A  A  as  cla-ssification  signals.  At  B  B  there  are  combination 
lights  sliowing  green  on  the  sides  and  in  the  direction  in  whieb 


Fig.  U3. 
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the  engine  is  moving,  and  red  in  the  opposite  direction.  The 
combination  lights  serve  as  markers. 

Fig.  94  shows  the  arnvngement  of  green  marker  flags  on  the 
rear  of  the  tender  of  a  locomotive  that  is  moving  forward  by  day 
without  cars. 

Fig.  95  shows  the  arrangement  of  combination  lights  used  as 
markers  on  the  rear  of  the  tender  of  a  locomotive  that  is  running 
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Fig.  94. 


Fig.  95. 


Fijr.  96. 


forward  by  night  without  cars.     The    combination    light   shows 
green  at  the  sides  and  front  and  red  at  the  back. 

Fig.  96  shows  the  arrangement  of  liglits  on  the  rear  of  the 
tender  of  a  locomotive  that  is  running  backward  by  night.  There 
is  a  single  white  light  at  A. 

Fig.  97  shows  the  arrangement  of  ligiits  on  a  passenger  train 

that  is  being  pushed  by  an 
engine  at  night.  There  is  a 
white  light  A  on  the  front  of 
the  leading  car. 

Fig.  98  shows  the  arrange- 
ment of  lights  on  a  freight  train 
that  is  being  pushed  by  an 
engine  at  night.  There  is  a 
single  white  light  at  A. 
Flas:s»  The  standard  fl^  used  for  tmin  signals  is  16  inches 
square. 

Whistle  Sisfnals.  One  long  blast  of  the  whistle  is  the  sig- 
nal  for  approaching  stations,   railroad   crossings   and   junctions 

(thus ). 

One  short  blast  of  the  whistle  is  the  signal  to  apply  the 
brakes  to  stop  (thus  *-). 


Fig.  07. 
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Two  long  blasts  of  the  whistle  is  the  signal  to  throw  off  the 
brakes  (thus )  • 

Two  »hort  blasts  of  the  whistle  is  an  answer  to  any  signal, 
except  *'  train  parted  "  (thus,  —  — ). 

Three  long  blasts  of  the  whistle  to  be  repeated  until  answered 
is  a  signal  that  the  train  has  parted  (thus ) . 

Three  %hort  blasts  of  the  whistle,  when  the  ti*ain  is  standing 
(to  be  repejited  until  answered),  is  a  signal  that  train  will  back 
(thus ). 

Four  lanxf  blasts  of  the  whistle  (thus ') 

is  a  signal  to  call  in  a  flagman  from  the  west  or  south. 

Four  long  followed  by  one  short  blast  of  the  whistle  (thus 

)  is  the  signal  to  call  in  a  flagman  from 

the  east  or  north. 

Four  short  blasts  of  the  whistle  is  the  engineman's  call  for 
signals,  from  switch-tendei*s,  watchmen,  trainmen  and  othera  (thus 

Five  shori  blasts  of  the  whistle  is  a  signal  to  the  flagmen  to 
go  back  and  protect  the  rear  of  the  train  (thus ). 

One  long  followed  by  two  short  blasts  of  tlie  whistle  is  a  sig- 
nal to  be  given  l)y  trains  on  single  track,  when  displaying  signals 
for  a  following  tiain,  to  call  the  attention  of  trains  of  the  same  or 
inferior  class  to  the  signals  displayed  (thus ). 

Two  long^  followed  by  two  short  blasts  of  the  whistle  is  the 
signal  for  approaching  road  crossings  at  grade   (thns 

— )• 

A  succession  of  short  blasts  of  the  whistle  is  an  alarm  for  per- 
sons or  cattle  on  the  track,  and  calls  the  attention  of  trainmen  to 
danger  ahead. 

Bell-Cord  5is:nals.  One  tap  of  the  signal-bell,  when  the 
train  is  standing  is  the  signal  to  start. 

Two  taps  of  the  siofual-bell,  when  the  tmin  is  running  is  the 
signal  to  stop  at  once. 

Two  taps  of  the  signal-bell,  when  the  train  is  standing  is  the 
signal  to  call  in  the  flagman. 

Three  taps  of  the  signal-bell,  when  the  train  is  running^  '^ 
the  signal  to  stop  at  the  next  station. 
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Three  taps  of  the  signal-bell,  when  the  train  is  9tanding^  is 
the  signal  to  back  the  train. 

Four  taps  of  the  signal-bell,  when  the  train  is  running^  is  the 
signal  to  reduce  speed. 

When  one  tap  of  the  signal-bell  is  heard  while  a  train  is  run- 
ning^ the  engineer  must  immediately  ascertain  if  the  train  ha>* 
parted,  and  if  so,  take  great  precaution  to  prevent  the  two  parts 
of  the  train  from  coming  together  in  collision. 

Signals  of  the  same  number  of  sounds  have  the  same  signifi- 
oaiu'o  \\\\in\  given  by  other  appliances  than  bell-cord  and  signal- 
Ix'lls,  such  as  the  air  whistle  described  in  the  section  devoted  to 
Air  Brakes. 

Running:.  The  actual  handling  of  a  locomotive  upon  the 
road  can  only  1x5  learned  by  practice  with  the  engine  itself,  but 
there  are  certain  principles  which  must  be  borne  in  mind  and 
applied. 

Firing.  Before  taking  charge  of  a  locomotive  a  considerable 
period  must  be  spent  as  a  fireman.  The  fii*st  things  to  be  learned 
are  the  principles  governing  the  combustion  of  the  fuels  that  are 
to  1)0  burned.  For  the  laws  and  phenomena  of  combustion  see 
standard  works  on  "  Chemistry. " 

The  lifference  between  the  work  of  a  locomotive  boiler 
furnace  and  one  under  a  stationary  boiler  is  that  in  the  former  the 
rate  of  fuel  consumption  is  very  much  the  greater  of  the  two.  In 
locomotive  boilers  it  is  common  practice  to  burn  150  i)ounds  of 
bituminous  coal  per  square  foot  of  grate  per  hour,  while  a  con- 
sumption of  200  pounds  per  square  foot  per  hour  is  not  infrequent. 
Different  fuels  require  different  treatment  in  the  firebox. 
Wood.  The  burning  of  wood  is  simple.  The  main  thing  is 
to  keep  the  firelx)X  well  filled.  The  box  should  be  deep  and  the 
fuel  should  fill  the  whole  space  between  the  grates  and  the  door 
and  bottom  row  of  tubes.  The  wood  should  be  cut  into  lengths 
not  exceeding  16  inches.  When  thrown  into  the  firebox  it  should 
be  made  to  lie  all  in  the  same  direction  and  be  packed  as  closely 
as  possible,  so  as  to  limit  the  quantity  of  air  passing  through  the 
firebox  to  that  required  to  effect  combustion. 

Coke  should  be  burned  in  very  much  the  same  manner  as 
wood.     The  firebox  should  be  well  filled.     The  stoking  with  coke 


867 


90  LOCOMOTIVE  BOILERS  AND  Ei^GINES. 


bad  best  be  done,  wberever  it  is  possible,  after  steam  has  been 
shut  off  or  wliile  the  engine  is  standing  at  stations.     The  firebox 
should  then  be  tilled.     If  the  bed  is  not  sufficient  to  last  until  the 
next  stop,  fuel  may  be  thrown  on  between  stations  but  the  bulk 
of  the  firing  shpuld  be  done  as  already  indicated.     Coke  burning 
locomotives  should  always  be  provided  with  a  means  for  admitting 
air  to  the  furnace  above  the  fuel.     If  hollow  stays  are  not  pro- 
vided, the  door  should  always  be  kept  upon  the  latch.     With  the 
deep  bed  of  fuel,  sufficient  air  cannot  be  admitted  through  the 
grates  to  burn  to  carbonic  acid.      Coke  fires  should  be  shaken 
occasionally  on  the  road  and  be  thoroughly  cleaned  of  clinker  at 
each  terminal. 

Bituminous  Coal  is  the  most  common  fuel  used  on  American 
locomotives.  It  varies  so  much  in  chemical  composition  and  heat- 
ing capacity  that  no  fixed  rule  can  be  laid  down  for  the  burning 
of  it.  The  work  of  the  fireman  varies  more  or  less  with  each 
grade  of  coal.  Ordinarily  the  fuel  bed  should  be  comparatively 
thin.  It  may  vary  from  six  to  ten  inches  and  occasionally  may  Ik; 
more  in  thickness,  depending  upon  the  work  that  the  locomotive 
is  doing.  The  bed  should  be  of  sufficient  thickness  to  lie  upon 
the  trraies  and  not  be  lifted  under  the  influence  of  the  draft  created 
by  the  exhaust. 

In  stoking,  the  work  must  be  pretty  nearly  constant.  Three 
shovelfuls  at  a  time  is  a  good  average  amount.  The  door  should 
be  closed  between  each  shovelful  so  as  to  be  only  open  on  the 
latch.  This  delivers  air  to  complete  the  combustion  of  the  hydro- 
carbon ffases  that  are  distilled  the  moment  the  fresh  coal  strikes 
the  incandescent  fuel.  In  placing  the  fuel  in  the  firebox  it  is  well 
to  heap  it  up  in  the  corners  and  allow  the  thinnest  portion  of  the 
l)ed  to  be  in  the  center  of  the  grate.  The  frequency  of  the  liriiii! 
depends  upon  the  work  that  the  engine  is  being  called  upon 
to  do. 

The  fire  should  always  be  cleaned  at  terminals  and  when  the 
grade  is  favorable  the  slice  bar  may  be  used  and  the  clinker 
removed  through  the  furnace  door  while  running. 

Anthracite  Coal  requires  a  treatment  intermediate  between 
coke  and  bituminous  coal.  Wherever  it  is  possible,  it  is  well  to 
do  the  stoking  on  favoring  grades  and  at  stations.     The  thickness 
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of  the  bed  varies  with  the  size  and  kind  of  coal  used.  It  varies 
from  3  inches  with  the  fine  pea  and  buckwheat  coal  to  10  inches 
with  large  lumps.  The  fuel  should  be  evenly  distributed  over  the 
whole  gi-ate.  The  upper  surface  of  an  anthracite  coal  fire  must 
never  be  disturbed  by  the  slice  bar  while  the  engine  is  at  work. 
This  should  only  be  done  when  there  will  be  ample  time  after  its 
completion  to  enable  tlie  fire  to  come  up  again  and  be  burning 
vigorously  before  the  engine  resumes  work. 

Feeding:  the  Boiler  is  a  matter  requiring  skill  and  judgment 
especially  where  the  locomotive  is  being  worked  to  it;S  full 
capacity.  The  injector  is  now  the  universal  means  employed  for 
boiler  feeding.  Where  it  is  possible  the  most  satisfactory  way  is 
to  use  a  constant  feed  that  will  be  the  average  for  the  trip.  In 
this  way  the  water  level  will  rise  and  fall  but  will  always  be 
sufficient  to  cover  the  crown  sheet.  Under  no  circumstances 
should  the  water  level  be  allowed  to  fall  below  tlie  bottom  gauge 
cock. 

Where  a  constant  feed  cannot  be  used,  the  injector  may  be 
worked  to  its  full  capacity  on  favoring  grades  and  at  station  stops. 
This  will  give  a  storage  of  water  to  be  drawn  from  when  the 
engine  is  working  to  its  full  capacity  on  adverse  grades.  Under 
such  circumstances  the  stopping  of  the  feed  ma}'  enable  the  fire 
to  maintain  the  requisite  steam  pressure,  whereas  the  latter  might 
fall  if  the  injector  Wiis  to  be  kept  at  work.  Further,  the  use  of 
the  injector  on  down  grades  and  at  stations  ke6ps  down  the  steam 
pressure  and  prevents  the  loss  of  heat  by  the  escape  of  steam 
through  the  safety  valves,  when  the  fire  is  burning  briskly  and  the 
engine  is  not  at  work. 

Use  of  Steam.  The  manner  in  which  an  engineer  uses  the 
steam  in  the  cylinders  is  one  of  the  controlling  elements  in  the 
economical  use  of  coal.  In  starting,  the  revei^e  lever  must  be 
thrown  forward  so  that  steam  is  admitted  for  as  long  a  distance 
in  the  stroke  of  the  piston  as  the  design  of  the  link  motion  ^vill 
permit.  As  the  speed  increases  the  lever  should  be  drawn  back, 
shortening  the  cut-off,  and  it  will  usually  be  found  that,  when  the 
engine  is  not  overloaded,  a  higher  speed  will  be  attained  anrl 
maintained  with  a  short  than  with  a  late  cut-off.  The  reason  is 
that,  with  the  late  cut-off  or  valve  closure,  so  much  steam  is 


868 


92  LOCOMOTIVE  BOILERS  AND  ENGINES. 

admitted  to  the  cylinder  that  it  cannot  be  exhausted  in  the  time 
allowed.  The  result  is  an  excessive  back  pressure  that  retards 
the  speed. 

It  is  probable,  however,  that  it  is  not  economical  to  use  a  cut 
off  that  occurs  earlier  than  one-quarter  stroke.  Where  an  earlier 
cut-oflf  is  used  the  increased  cylinder  condensation  is  apt  to  more 
than  off-set  the  saving  effected  by  the  increased  expansion  so 
obtained.  Ileiuio,  when  the  engine  is  running  under  such  condi- 
tions that  a  cut-off  earlier  than  one-quarter  stroke  can  be  used 
with  a  throttle  valve  wide  oi)en,  it  may  l)e  better  to  keep  the  point 
of  cut-off  at  one-quarter  stroke  and  partially  close  the  throttle  valve, 
thus  wire-drawing  tlie  steam.  The  wire- drawing  of  steam  serves 
to  superheat  it  to  a  certiiin  extent  and  thus  tends  to  diminish  the 
cylinder  condensation  that  would  occur  were  saturated  steam  ot 
the  same  pressure  to  be  used. 

When  running  with  the  throttle  valve  closed,  the  reverse 
lever  should  be  set  to  give  tlie  maximum  travel  to  the  valve. 
This  tends  to  prevent  the  wearing  of  a  shoulder  on  the  valve  seat 

Learning  the  Road  is  one  of  the  most  important  things  for 
the  engineer  to  accomplish.  He  must  know  the  road  as  a  pilot 
knows  a  river.  He  must  know  every  grade,  curve,  crossing, 
station  approacli,  bridge,  signal  and  whistle  or  bell  post  on  the 
division  over  which  he  runs.  He  must  know  them  on  dark  and 
stormy  nights  as  well  as  in  daylight.  He  must  always  know 
where  he  is  and  never  be  at  the  slightest  loss  as  to  his  surround- 
ings. He  must  not  only  know  where  every  water  tank  is  located, 
but  should  also  uvdko  himself  familiar  with  the  qualities  of  the 
various  waters  that  they  contain.  Then,  when  he  has  a  choice  of 
places  at  which  to  take  water,  he  may  choose  that  containing  the 
smallest  amount  of  scaleformincf  matter. 

Grades.  In  the  learning  of  a  road,  an  intimate  knowledge 
jf  the  grades  is  of  the  first  importance  to  the  engineer.  He  must 
know  what  his  cui^ine  can  haul  over  them  ;  how  it  must  be 
handled  when  on  them,  and  how  they  must  be  approached.  An 
engine  will  frequently  be  able  to  take  a  train  over  a  grade,  if  it 
has  a  high  speed  at  the  foot  of  the  same ;  whereas,  if  a  stop  or  a 
slackening  of  the  speed  were  to  be  made  there,  it  would  be  im- 
possible to  surmount  it  with  the  whole  train. 
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Handlins^  Trains  over  different  profiles  of  track  requires 
difiEerent  methods.  On  adverse  grades  the  work  is  probably  the 
simplest.  In  such  conditions  the  train  is  stretched  out  to  its 
utmost.  Every  car  is  pulling  back,  and  any  checking  of  the 
movement  at  the  front  of  the  train  meets  with  an  immediate 
response  throughout  the  whole  train.  The  grade  also  prevents 
sudden  acceleration  at  the  front.  It  is,  therefore,  merely  necessary 
to  keep  the  enguie  at  work  pulling. 

On  favoring  grades  the  whole  train,  when  drifting,  is  crowd- 
ing down  upon  the  locomotive  and  is  likely  to  be  bunched  or 
closed  together.  Under  these  conditions  it  is  necessary  to  apply 
the  air  bmkes,  which  are  at  the  front  end,  and  keep  tliem  applied 
so  as  to  hold  the  speed  under  control  and  prevent  the  train  from 
running  away.  Care  should  be  tiken  about  the  application  of  the 
driving  wheel  brakes  on  long  down  grades,  lest  the  shoes  heat  the 
tires  and  loosen  them. 

It  is  in  passing  over  ridges  and  through  sags  that  the  danger 
of  injury  to  the  train  arises.  Fii-st  in  leaving  an  adverse  grade 
and  passing  over  a  ridge  to  a  favoring  grade,  the  engineer  must 
be  careful  not  to  accelerate  the  front  end  of  the  train  too  rapidly 
lest  it  break  in  two  before  the  rear  end  has  crossed  the  summit. 
There  is  a  greater  danger,  however,  in  running  through  a  dip 
where  the  gi'ade  changes  from  a  favoring  to  an  advi»rse  one. 
Where  the  brakes  have  been  applied  at  the  rear  of  the  train  and 
the  slack  prevented  from  running  together  there  is  not  the  same 
danger  that  there  is  when  the  brakes  have  been  api)lied  at  the 
front  of  the  train  and  it  has  been  allowed  to  bunch.  .  In  the  Latter 
case,  if  the  engineer  is  not  careful  in  pulling  out,  the  train  will  be 
jerked  in  two.  The  principle  upon  which  the  avoidance  of  this 
cliiss  of  accident  is  based  is  that  of  not  allowing  the  slack  to  be 
tivken  up  suddenly.  A  steady  pull  will  not  break  the  draft  rigging 
of  a  car  when  a  sudden  jerk  will  pull  it  out. 

In  case  a  train  does  break  in  two,  the  engine  and  front  portion 
should  be  kept  in  moti(m  until  the  rear  has  been  stopped  so  as  to 
avoid  a  collision.  Where  air  brakes  are  applied  to  the  whole  train 
the  rear  will  stop  fii-st  owing  to  the  proportional  increase  of  weight 
and  momentum  of  the  locomotive. 

Freight  trains  require,  on  the  whole,  more  careful  handling 
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than  passenger  tniins.  There  is  more  slack  in  the  couplings  of 
the  former  than  of  the  latter,  and  the  trains  are  much  longer. 
Consequently  the  shocks  at  the  rear  of  a  freight  train,  due  to 
variations  of  speed,  are  much  more  severe  than  on  passenger 
trains.  The  system  of  handling,  while  practically  the  same  for 
both  classes,  requin^s  more  care,  in  order  to  avoid  accidents  with 
the  freight  than  with  the  passenger. 

Makins^  Ready.  The  firat  step  in  the  preparation  of  an 
engine  for  the  road  is  the  filling  of  the  boiler  mth  water  to  the 
second  gauge  and  the  raising  of  steam.  For  the  latter  several 
methods  are  employed.  The  oldest  method  is  to  build  a  fire  of 
cord  wood  and  when  it  is  well  lighted  to  throw  on  coal.  As  soon 
as  pressure  sliows  upon  the  gauge  the  blower  may  be  opened  to 
force  the  fire  and  clear  the  cab  and  round-house  of  smoke.  Fire 
lighters  are  also  extensively  used.  These  are  made  of  a  combina- 
tion of  higlily  inflamable  materials  of  which  resin  is  an  important 
one,  wliich  are  placed  in  the  firebox  and  ignited  either  beneath  or 
on  top  of  a  bed  of  coal.  With  the  coal  ignited  the  work  becomes 
the  same  as  when  wood  is  used. 

Lately  various  other  metliods  of  fire  kindling  have  been  used. 
An  apparatus  designed  for  this  i)urpose  is  shown  in  Fig.  99.  It 
consists  of  a  tank  A  slung  between  a  pair  of  handles  and  carried 
on  two  wheels  witli  connections  for  forcing  out  and  spraying  the 
contained  oil. 

In  operation   the  ttink  is  wlieeled  alongside  the  engine  and 
the  hose  B  connected  to  a  source  of  compressed  air  supply  in  the 
round-house.     By  opening  the  valve  I,  the  air  is  allowed  to  piiss 
down  into  the  tank,  creating  a  pressure  on  the  surface  of  the  con- 
tained li({ui(l  ;  it  then  follows  the  direction  of  the  arrow  into  the 
liose  I).     The  pressure  exerted  upon  the  liquid  is  indicated  by  the 
gauge  and  can  be  regulated  by  the  valve  I.     When  the  plug  cock 
J  is  opened  the  oil  is  forced  up  the  pipe  C  and  into  the  hose  E. 
The  sprayer  II  is  placed  at  the  ends  of  two  pieces  of  pipe  thi*ougIi 
which  the  flow  of  air  and  oil  is  regulated  by  the  valves  G  and  F, 
respectively. 

When  the  air  and  valves  have  been  opened  the  spray  of  oil 
issuing  from  H  is  ignited  and  the  flame  thrust  in  at  the  tirebox 
door  and  down  against  the  bed  of  coal  that  has  previously  been 
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put  ui>on  the  grates.  The  nozzle  is  then  moved  over  the  surface 
until  the  whole  is  ignited,  an  operation  that  requires  al)out  fifteen 
minutes,  after  which  the  raising  of  steam  is  carried  on  in  the 
usual  way,  except  that  compressed  air  is  sometimes  admitted  to 
the  blower  to  assist  the  draft. 

This  work  is  usually  done  by  the  roundhouse  men. 

The  fireman  is  expected  to  see  to  it  that  all  necessaiy  suj>- 
pHes  are  uix)n  the  engine.  These  include  flags,  lanterns,  oil,  and 
fire  irons. 

The  engineer  should  see  to  it  that  there  is  ample  water  in  the 
boiler  and  that  tlie  machinery  is  well  oiled.  Careful  and  deliber- 
ate oiling  of  all  parts,  with  an  adjustment  of  the  feeding  apparatus 
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of  the  lubricators  should  be  made  before  the  engine  leaves  the 
roundhouse. 

End  of  the  Run.  When  the  run  has  l)een  finished  the 
engineer  should  make  a  careful  inspection  of  all  pai-ts  of  the 
engine  so  as  to  repoit  aiTy  repairs  that  may  be  needed  in  order  to 
fit  it  for  the  next  run.  The  roundhouse  hostler  then  takes  the 
engine  to  the  coaling  shute  and  ashpit,  loads  the  tender  with  coal, 
fills  its  tank  with  water,  and  cleans  the  fire.     The  engine  is  then 
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put  over  a  pit  in  the  roundhouse  and  should  be  carefully  wiped 
and  again  inspected  for  defects. 

Inspection.  The  inspection  of  locomotives  should  be  thorough 
in  the  extreme.  It  should  embrace  the  condition  of  every  wearing 
surface  that  is  exposed  and  the  behavior  of  every  one  tliat  is  con- 
cealed. Eveiy  bolt  and  nut  should  be  exivinined  to  ascertain  that 
it  is  tight.  The  netting  in  the  front  end  or  in  the  stack 
ihould  l)e  examined  at  frecjuent  intervals  to  make  sure  that  it  is 
whole.  The  stay-bolts  should  be  inspected  periodically  in  order 
that  those  brok^jn  may  l)e  replaced.  Wheels  and  all  parts  of  the 
running  gear  and  mechanism  should  be  carefully  scrutinized  for 
cracks  or  other  defects. 

Clean! ns^  should  be  done  after  every  trip  since  dirt  is  apt  to 
cover  defects  tliat  may  be  serious  and  the  cause  of  a  disaster. 

Repairs  of  a  minor  nature  can  be  made  in  the  roundhouse  and 
should  be  promptly  attended  to.  Roundhouse  repairs  include  such 
work  as  the  replacing  of  worn  netting,  the  cleaning  of  nozzles,  the 
expanding  and  caulking  of  leaking  tubes,  the  refitting  of  side  and 
connecting  rod  brasses,  the  re-facing  of  valve  seats,  tlie  regrinding 
of  the  cab  fittings  that  become  leaky,  the  adjustment  of  driver  box 
wedges,  re[)airs  to  aslipans,  replacing  of  gratCvS,  renewal  of  brake- 
shoes,  re-setting  of  valves,  light  tank  lepairs,  and  sometimes  even 
extends  to  the  re-horing  of  cylinders.  To  this  must  be  added  the 
regular  work  of  renewal  of  all  [)acking  and  the  periodical  washing 
out  of  the  boiler. 

Emergencies  iire  constantly  arising  in  locomotive  running 
where  a  breakage  of  some  part  should  be  repaired  upon  the  road. 
The  part  effected  and  the  extent  of  the  fracture  has  nuich  to  do 
with  the  possi])ility  of  running  the  engine  home  under  its  own 
steam.     A  few  methods  of  dealing  with  breakage  will  be  given. 

Broken  Side-Rod.  If  a  side  rod  breaks,  the  ends  should  l)e 
disconnected  and  the  rod  on  the  opposite  side  of  the  engine  should 
also  bo  removed.  Never  attempt  to  run  a  locomotive  with  only 
one  side  rod  connected. 

Broken  Connecting-Rod.  If  a  connecting-rod  i>  broken 
without  injury  to  the  cylinder,  the  crosshead  and  piston  should  l)e 
blocked  at  one  end  of  tlui  stroke  and  the  broken  parts  of  the  rod 
removed.     The  removal  of  the  side  rods  depends  upon  the  extent 
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of  injury  of  tlie  crank-pin,  on  the  broken  Bide.  The  Tiilve-rod 
should  he  disconnected  from  the  rocker  arm  and  the  valve-atem 
clamped  with  the  valve  .in  the  central  position.  The  valve-stem 
may  be  clanij)ed  by  aorewing  down  one  of  the  gland  nuts  harder 
than  the  other,  thus  cramping  the  stem,  and  also  by  the  use  of  the 
clamp  shown  in  Fig.  100.  This  consists  of  two  clamps  having 
V-shaped  notclies  that  are  securely  fastened  to  the  valve-stem  by 
a  Wt  on  either  side.  This  is  done  after  passing  the  gland  studs 
through  tile  two  slotted  holes,  whereby  any  longitudinal  move- 
ment of  tlie  stem  is  prevented  by  screwing  down  the  iiuta  on  the 
stud-f.  The  crosshead  should  be  forced  to  one  end  of  the  guides 
with  the  piston  hard  against  one  cylinder  head.  It  can  be  held  in 
this  position  hy  a  piece  of  plank  sawn  to  fit  snugly  between  it  and 
the  fjnido  yoke. 

When  the  parts  on  one  side  have  been  blocked  iu  this  way 
the  engine  can  be  run  to  the  shop  with  one  aide  working. 

Broken  Driving  Springs.     In  case  of  breakage  of  these  parts, 
a  Mock  of  wood  should  I)e  iiLsert«d  between  p 
the   top  of  the  driving  box  and  the  frai 
Tills  can  lie  done  by  first  I'omoving  the  broken 
spiing  and  its  siiddle  and  then  running  the  <■ 
other  drivers  on  wedges  to  lift  tlie  weight  off  n 
that  one  where  the  spring  is  broken.     Insert  1 
the  piece  of  wood  and  then  run  that  pair  of  J 
drivers   up   on    wedges.     Then  pry    up   the 
fallen  end  of  the  equalizer  until  it  is  level 
!ind   hlock  in  that  position. 
liafile  to  fall  off. 

Low  Water.  If,  foi-  any  reason,  water  gets  low  in  the  boiler, 
or  if,  through  an  nccident,  some  of  the  heating  surface  is  laid 
bare,  the  fire  shonhl  lie  ditinpened.  This  can  best  be  done  by 
throwing  dirt  into  the  fireliox.     Never  turn  in  a  stream  of  water. 

Foaming.  If  fnatning  oecui's,  the  throttle  should  be  closed 
slowly.  This  keeps  the  water  from  dropping  suddenly  and 
uncovering  tlic  cmwnsheet.  If  there  is  a  surface  blow-off,  open  it 
and  allow  the  impurities  on  the  surface  of  the  watec  to  be  carried 
away.  If  the  foaming  in  caused  by  grease,  allow  the  tank  to  be 
overtlo\i'ed  at  the  next  watt^r  station  and  put  a  couiile  of  quaits  of 


Fig.  100. 
Always  remove  all  jiarbi  that  are 
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unslaked  lime  in  the  water.  If  this  is  not  obtainable  put  a  piece 
of  blue  vitriol  in  the  hose,  btick  of  the  screen.  This  may  be 
obtained  at  almost  any  telegraph  office. 

Broken  Steam  Chest.  In  this  Ciise  the  lower  joint  of  the 
steam  pipe  on  the  side  of  the  accident  should  be  pried  apart  and  h 
wooden  gasket  inserted.  Or  the  steam  chest  and  valve  may  be 
removed  and  a  piece  of  board  laid  over  the  steam  openings.  This 
board  can  be  firmly  clamped  in  position  by  the  studs  of  the  steam 
chest. 

These  are  a  few  of  the  accidents  that  may  occur  on  the  road. 
To  prepare  for  emergencies  the  best  method  is  to  study  the  loco- 
motive and  devise  means  of  making  tempo raiy  repairs  for  every 
accident  that  can  be  imagined.  Then,  when  the  accident  does 
occur,  the  remedy  can  be  promptly  applied. 

Train  Rules.  The  American  Railway  Association  has  adopted 
a  uniform  code  of  train  rules  for  the  railroads  of  the  United  States 
These  rules  provide  that : 

All  trains  are  designated  as  regular  or  extra  and  may  consist 
of  one  or  more  sections.  An  engine  without  cars,  in  service  on 
the  road,  is  considered  a  train. 

All  trains  are  classified  with  regard  to  tlieii  priority  of  right 
to  the  track. 

A  train  of  an  inferior  class  must,  in  all  ciuses,  keep  out  of  the 
way  of  a  train  of  a  superior  class. 

On  a  single  track  all  trains  in  one  direction  specified  in  the 
time  table,  have  the  absolute  right  of  track  over  trains  of  tlu*  same 
class  running  in  the  opposite  direction. 

When  trains  of  the  same  class  meet  on  a  single  track,  the 
train  not  having  the  right  of  track  must  tiike  tlie  siding  and  be 
clear  of  the  main  track  before  the  leaving  of  the  opposing  train. 

When  a  train  of  inferior  class  meets  a  train  of  superior  class 
on  a  single  track,  the  train  of  inferior  chiss  must  tiike  tlie  siding 
and  clear  the  train  of  superior  class,  five  minutes. 

A  train  must  not  leave  a  station  to  follow  a  j)assenger  train 
until  five  minutes  after  the  de[)arture  of  such  passenger  train, 
unless  some  form  of  block  signal  is  used. 

Freigh^^^  trains  following  each  other  must  keep  not  less  than 
five  minutes  apart  unless  some  form  of  block  signal  is  used. 
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No  train  must  arrive  at  or  leave  a  station  in  advance  of  its 
schedule  time. 

When  a  passenger  train  is  detained  at  any  of  its  usual  stops 

more  than minutes,  the  flagman  must  go  back  with  danger 

signal  and  protc^ct  his  tmin,  but  if  it  stoi)s  at  any  unusual  point,  the 
flagman  must  immediately  go  back  far  enough  to  be  seen  from  a 

train  moving  in  the  same  direction  when  it  is  at  least feet 

from  the  rear  of  his  own  train.  ^ 

When  it  is  necessary  to  protect  the  front  of  the  train,  the 
same  precautions  must  be  observed  by  the  fireman.  If  the  fire- 
man Ls  unable  to  leave  the  engine,  the  front  brakeman  must  be 
sent  in  his  place. 

When   a  freight  train  is  detained  at  any  of  its  usual  stops 

more    than minutes,  where  the    rear  of    the    train    can    be 

plainly  seen    from    a  tmin  moving  in   the  same   direction  at  a 

distance  of  at  least feet,  the  flagman  must  go  back  with  danger 

signals  not   less  than feet  and  as  much  farther  as  may  be 

necessary  to  protect  his  train  ;  but  if  the  rear  of  liis  train  caimot 

be  plainly  seen  at  a  disUince  of  at  least feet,  or  if  it  stops  at 

any  point  that  is  not  its  usual  stopping  place,  the  flagman  must 

go  back  not  less  than feet,  and  if  liis  train  should  be  detained 

until  within  ten  minutes  of  the  time  of  a  piissenger  train  moving 
in  the  same  direction,  he  must  be  governed  by  Rule  No.  99. 

Rule  99  provides  that  when  a  train  is  stopped  by  an  accident 
or  obstruction  the  flagman  must  immediately  go  back  with  danger 
signals  to  stop  any   train   moving  in   the  same   direction.     At  a 

point feet  from    the   rear  of    liLs  train  he   must  .place    one 

tor{)edo  on  the  mil ;  he  must  then  continue  to  go  back  at  least 

feet  from  the  rear  of  his  train  and  place  two  torpedoes  on 

the  rail  ten  yards  apart  (one  rail  length),  when  he  may  return  to 

a  point feet  from  the  rear  of  his  ti*ain,  and  he  must  remain 

there  until  recalled  by  the  whistle  of  his  engine  ;  but  if  a  passenger 
train  is  due  withhi  ten  minutes,  he  must  remain  until  it  arrives. 
When  he  comes  in,  he  will  remove  tlie  torpedo  nearest  to  the 
train,  but  the  two  torpedoes  must  be  left  on  the  rail  as  a  caution 
signal  to  any  following  train. 

When  it  is  necessary  for  a  freight  train  on  a  double  tmck  to 
turn  out  on  to  the  opposite  track  to  allow  a  passenger  train  run- 
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ning  in  the  same  direction  to  pass,  and  a  passenger  train  running 
in  the  opposite  direction  is  due,  a  flagman  must  be  sent  back  with 

a  danger  signal,  as  provided  in  Rule  No.  99,  not  less  than 

feet  in  the  direction  of  the  following  train  and  the  freight  train 
must  not  cross  over  until  one  of  the  passenger  tmins  arrives. 
Should  the  following  passenger  train  arrive  first,  a  fliigman  must 
be  sent  forward  on  the  opposite  ti*ack  with  danger  signals,  as  pro- 
vided in  Rule  No.  99,  not  less  than feet  in  the  direction  of 

the  over-<hie  p;wsenger  train  before  crossing  over.  Great  caution 
must  be  used,  and  good  judgment  is  required  to  prevent  detention 
to  either  passenger  train.  The  preference  should  always  be 
given  to  the  passenger  train  of  superior  class. 

If  a  train  should  part  while  in  motion,  trainmen  must  use 
great  care  to  prevent  tlie  detached  parts  from  coming  into 
collision. 

Regular  trains  twelve  hours  or  more  behind  their  schedule 
time  lose  all  their  rights. 

All  messages  or  orders  respecting  the  movement  of  trains  or 
the  condition  of  track  or  bridges  must  be  in  writing. 

Passenger  trains  nuist  not  disphiy  signals  for  a  following 
train  witliout  an  order  from  tlie  superintendent;  nor  freight  tniins 
without  an  order  from  the  yard  master. 

Great  care  must  be  exercised  by  the  trainmen  of  a  tmin 
approaching  a  station  where  any  train  is  receiving  or  discharging 
passengers. 

Enginemen  nuist  ol)serve  trains  on  the  opposite  track,  and  if 
th(>y  are  running  too  closely  together,  call  attention  to  the  fact. 

No  i^ei-son  will  be  permitted  to  ride  on  an  engine  except  the 
engineman,  fireman  and  other  designated  employes,  in  the  dis- 
eharge  of  tlieir  duties,  without  a  written  order  from  the  proper 
authority. 

Aecidents,  det<MUion  of  trains,  failure  in  the  supply  of  water 
or  fuel,  or  defcjcts  in  the  tracks  or  bridges,  must  be  promptly  re- 
ported ])y  telegraph  to  the*  superintendent. 

No  train  shall  leave  a  station  without  a  signal  from  its 
condut:t()r. 

('ondnetoi's  and  enginemen  will  be  held  equally  res[X)nsible 
for  the  violation  of  any  rules  governing  the  safety  of  tlieir  trains, 
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sheet  of  standard  specifications  for  a  consolidation  locomotivft 
wliicli  is  used  as  a  part  af  tlie  contract  made  by  a  railroad  with  a 
locomotive  builder: 

A  Simple  Consolidation  Locomotive  Engine,  liaving  4  \mn 
of  coupled  wheels  and  a  2-wheeled  swinging  truck  for  the  New 
York,  Paris  «fe  Pekiu  R.  R.  Company. 

General  Description.  General  design  illustrated  by  attached 
photograph  of  engine  No.  59. 

Cylinders  21  inches  diameter  and  26  inches  stroke. 

Driving-wheels  56  inches  diameter.  Gauge  4  feet  8.i-  inches. 
Fuel,  coal.  Total  Wlieelbase  2eS  feet  6  inches.  Driving  Wheel- 
base  15  feet  5  inches. 

Weight  in  working  order,  totiil  about  156,000  pounds ;  on 
driving-wheels,  about  140,000  pounds. 

Weight  of  tender,  with  fuel  and  water,  about  85,000  pounds. 

Boilers  to  be  m;uh^  throughout  of  flange  plates  of  homogene- 
ous steel,  American  Railway  Master  Meclianics'  specifications, 
•1^  and  I  inch  thick ;  all  lo:igitudinal  seams  butt  jointed  with 
double  covering  strips.  Tlnoat  sheet  thicker  than  shell  of  boiler, 
to  prevent  inidue  thinning  where  flanged.  All  parts  well  ami 
thorougldy  stjiyed,  witli  liners  on  inside  of  sidt^  slieets,  providing 
double  thickness  of  metal  for  studs  of  expansion  braces.  All 
plates  planed  at  edges  and  calked  with  round-[)ointed  calking-tool, 
insnring  plates  against  injury  by  chipi)ing  and  calking  with  shaq)- 
edged  tools.  Boiler  tested  with  steam  to  at  least  20  pounds  aixne 
working  pressure,  and  with  hot  water  to  40  pounds  pressure  per 
scpiare  incli  above  the  working  pressure.  Working  pressure  180 
pounds. 

Waist  ()  1  inches  in  diameter  at  smoke-box  end;  made  exten 
sion  wagon  top  and  with  one  dome  placed  on  extended  wagon 
top. 

Tubes  of  charcoal  iron  or  cold  drawn  steel.  No.  12  Birmitis:- 
ham  wire-gauge  with  coppcM-  f<?rrules  on  swaged  ends  in  fire-U^x 
tube-sheet,  208  in  number,  2  inches  in  diameter,  and  13  feet  6 
inches  in  length. 

Fire-box  108  inches  hmg  and  41.]-  inches  wide;  inside  of  fire- 
box flange  steel,  all  plates  thoroughly  annealed  after  flanging; 
inside  and  back  sheets  |  inch  thick.     Crown  sheet  |  inch  thick ; 
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and  they  must  take  every  precaution  for  the  protection  of  their 
tniins,  even  if  not  provided  for  by  the  rules. 

In  all  cases  of  doubt  or  uncertainty  t<ike  the  safe  course  and 
run  no  risks. 

Time-tables.  A  time-table  is  the  general  law  governing  the 
arriving  and  leaving  time  of  all  regular  trains  at  all  stations. 
Time-tables  are  issued  from  time  to  time,  as  may  be  necessary. 
The  times  given  for  each  train  on  the  time-table  is  the  schedule 
of  such  train. 

Each  time-table,  from  the  moment  it  tjikes  effect,  supersedes 
the  preceding  time-table,  and  all  special  instructions  relating 
thereto ;  and  trains  shall  be  run  as  directed  thereby,  subject  to  the 
rules.  All  regular  trains  on  the  road  running  according  to  the 
preceding  time-table  sliall,  unless  otherwise  directed,  assume  the 
times  and  rights  of  trains  of  corresponding  numbei-s  on  the  new 
time- til  ble. 

Upon  the  time-table  not  more  than  two  sets  of  figures  are 
shown  for  a  train  at  any  point.  When  two  times  are  shown,  the 
earlier  is  the  arriving  time  and  the  later  tlie  leaving  time.  When 
one  time  is  shown  it  is  the  leaving  time  unless  otherwise  indicated. 

Regular  nujeting  or  passing  points  are  indicated  on  the  time- 
table by  figures  in  full-faced  type. 

Both  the  arriving  and  leaving  time  of  a  train  are  in  full- 
face  type  when  both  are  meeting  or  passing  times,  or  when  one  or 
moni  other  trains  are  lo  meet  or  pass  it  between  those  times. 

On  the  employes'  time-ti\ble  the  words  ''  daily,"  '•  daily,  ex- 
cept Sunday,"  etc.,  printed  at  the  head  and  foot  of  a  column  in 
connection  with  a  train,  indicate  how  it  shall  be  run.  The 
figures  given  at  intermediate  stations  shall  not  be  taken  as  indicat- 
ing that  a  train  will  stop  unless  the  rules  require  it.  The  follow- 
ing signs  placed  before  the  figures  indicate : 

''s  "regular  stop. 

"  f "  stop  on  signal  to  receive  or  discharge  passengers  or 
freight. 

''  ^  "  stop  for  meals. 

Trains  are  designated  by  numbers  and  their  class  indicated 
on  the  time-tables. 

Locomotive  Specifications.     The  following  is  a  copy  of  a 
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nected  to  steam  eliests  by  copper  pipes  running  under  the  jacket 
Pipes  proved  to  200  pounds  pressure. 

Pistons  of  cast  iron,  fitted  with  approved  form  of  steam 
packing.  Piston-rods  of  hammered  iron  or  steel,  ground  and 
keyed  to  crossheads  and  securely  fastened  to  pistons. 

Metallic  packing  for  piston-rods  and  valve-stems. 

Guides  of  steel,  cast  iron  or  wrought  iron,  case-hardened, 
fitted  to  wrought-iron  guide  yoke. 

Crossheads  of  cast  steel  with  suitable  bearings. 

Shifting-link  motion,  graduated  to  cut  off  equally  at  all 
points  of  stroke.  Links,  sliding  blocks,  pins,  lifting  links,  and  eccen- 
tric-rod jaws  made  of  hammered  iron,  well  case-hardened.  Slid- 
ing blocks  with  long  flanges  to  give  ample  wearing  surface. 
Rock  shaft  of  wrought  iron ;  reverse  shaft  of  wrought  iron.  Slide 
valves  cast  iron  balanced  pattern. 

Eccentric  straps  of  cast  iron. 

Driving-wheels  eight  in  number;  56  inches  in  diameter. 
Centei-s  of  cast  iron  turned  to  50  inches  diameter. 

Crank-pins  of  hammered  open  hearth  steel. 

Tires  of  cast  steel  3  inches  thick  when  finished  ;  two  pairs 
ilanged  5  J  inches  wide  ;  two  pail's  plain  GJ  inches  wide. 

Axles  of  hammered  iron  or  open  heai-th  steel ;  journals  8 
inches  diameter  and  10  inches  long. 

Driving-boxes  of  cast  iron  with  phospher  bronze  bearings. 

Springs  of  crucible  cast  steel,  tempered  in  oil. 

Equalizing  beams  of  wrought  iron. 

Connecting  and  parallel  rods  of  steel  or  hammered  iron. 
Connecting-rods,  one  section  forged  solid,  and  furnished  with  all 
necessaiy  straps,  keys  and  brasses.  Parallel  rods,  one  section 
solid  ends  and  heavy  bushings.  Bushings  put  in  by  hydniulit^ 
press,  and  well  secured  from  turning  in  the  rod.  Lubrication  of 
all  bearings  carefully  provided  for,  and  oil  cups  attached  whei"^ 
required.      Wick  or  adjustable  needle  oil  cups  on  rods  and  guides. 

Wrist  pins  of  steel  or  wrought  iron. 

Feed  water  supplied  by  two  No.  10  injectors. 

Accessories.  Cab  substantially  built  of  clear,  sound  ash,  or 
clear  pine,  well  finished,  and  fitted  together  with  jomt  bolts  JinJ 
corner  plates.     To  be  provided  with'  suitable  windows  and  doors, 
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conveniently    arranged,    and    glazed    with    first-quality    double 
American  crystal  glass. 

Pilot  of  wood  braced  with  iron  and  having  master  car  builders 
coupler. 

Engine  to  be  finished  with  one  sand-box  and  an  automatic 
Sander,  stand  for  head-lamp,  bell,  plain  or  chime  whistle,  blow-oft 
cock,  blower  and  3^  inch  open  and  3^-  inch  muffled  American 
safety-valves,  6 1  inch  steam  guage,  cab  lamp,  gauge  cocks;  also 
a  complete  set  of  tools,  consisting  of  two  heavy  jack-screws  and 
levers,  one  heavj'  pinch-bar  with  steel  point  and  heel,  complete 
set  of  wrenches  to  fit  all  nuts  and  bolts  on  engine,  including  two 
monkey-wrenches,  one  set  of  driving  box  packing  tools,  one 
machinist's  hammer,  one  soft  hammer,  three  cold  chisels  (two  flat 
and  one  cape),  one  long  spout  quart  oil-can,  one  two-gallon  oil- 
can, one  tallow-pot,  one  torch,  engineer's  arm-rest,  one  extra 
fusible  plug,  one  bell-cord,  cab-seats,  cab-seat  cushions,  one  poker, 
one  scraper,  one  slice-bar  and  one  scoop  shovel. 

Headlights  to  be  16  inches  diameter  with  round  case. 

Brakes  to  be  Westingliouse  American  outside  equalized  on 
drivei-s  and  tender,  and  9}  inch  pump. 

Automatic  bell  ringer. 

Cylinders  lagged  with  wood  and  neatly  cased  with  iron, 
[tainted.  Cylinder-head  covers  of  cast  iron,  painted  or  polished. 
Steam-chests  with  cast  iron  tops ;  bodies  cased  with  iron,  painted. 
Boiler  lagged  with  asbestos,  jacketed  and  secured  by  plainished 
iron  bands.  Dome  lagged  with  same  material  as  boiler,  with 
painted  iron  casing  on  body  and  cast  iron  top  and  bottom  rings. 
Hand  rails  of  iron.  Running-boards  of  wood  with  Jiosings  of  iron. 
Wheel-cover  nosings  of  iron.  Engine  and  tender  to  be  well 
painted  and  varnished.  Lettering  and  numbering  to  be  as  speci- 
fied by  purchaser. 

O-eneral  Features  of  Construction,  All  principal  parts  of 
engine  accurately  fitted  to  gauges  and  templates,  and  thoroughly 
interchangeable.  All  finished  movable  nuts  and  all  wearing  sur- 
faces of  valve  motion  made  of  steel,  or  iron  case-hardened.  All 
wearing  brasses  made  of  phosphor  bronze  or  ingot  copper  and  tin. 
alloyed  in  proportion  to  give  best  mixture  for  wearing  bearings. 
All  threads  on  bolts  of  United  States  standard. 
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Tefider.  Tank  of  steel  strongly  put  together,  with  angle-iron 
oomers  and  well  braced.  Top  inside,  and  bottom  plate  ^  inch 
thick ;  outside  plates  -^^  inch  thick ;  riveted  with  -I  inch  rivets, 
1^  inch  pitch;  capacity  4,000  gallons  (of  231  cubic  inches). 
Tender  frames  substsintially  built  of  channel  steel  strongly  bmced. 
Two  four-wheel  center-bearing  trucks ;  made  with  wrought  iron 
side-bars  and  cross-l)eani.s  of  wood  or  channel  iron  ;  additional 
bearings  at  sides  of  hick  truck.  Springs,  crucible  cast  steel 
tempered  in  oil.  Eight  double-plate  chilled  wheels  33  inches 
diameter.     Brakes  on  both  tnicks. 

Axles  of  hammered  ii-on  or  open  heiirth  steel,  outside  journals 
4^  inches  diameter  and  8  inches  long.  Oil-tight  boxes  with  bituss 
or  bronze  bearings. 

Tool  boxes  of  hard  wood  fitted  with  locks  and  keys. 

Then  follows  the  detiiil  of  the  specifications  for  the  boiler  and 
fire  box  steel  according  to  those  alraady  outlined  on  pages  10  and 
11  of  Part  I. 

These  specifications  cover  the  thickness  of  the  plates,  test 
strips,  marking  honiogenity  tests,  bending  test,   tensile  strength, 
i^longation  in  eight-inch  section,  chemiciil  composition,  8i)ecitiea- 
lions  for  lK)iler  tubes   and  safe   end*.,  bar  iroK  and  its    i)hysical 
requirements,  specificjitions  for  stay-bolt  iron  and  its  {)hysical  a*- 
(juirements,  for  phosphor  l)ronze  bearing  metal,  for  steel  ciustings 
and  their  phys?ical  requirements,  also  for  cast  iron,  steel  billets  for 
roils,  axles,  piston-rods,  guides,  crank-piuS)  and  finally  for  tank 
creel  and  engine  bolt  iix>n. 
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Brakes  are  used  upon  i-ailway  trains  for  the  purpose  of  reduc- 
ing tlieir  speed  and  stopping  them.  The  speed  would  l)e  reduced, 
however,  and  the  train  would  stop  if  no  brakes}  were  applied. 
Such  a  stop  would  be  the  result  of  the  resistance  of  the  journal 
friction  and  of  the  atmosphere.  Brakes  are  used  to  stop  the  train 
more  quickly  than  could  be  accomplished  by  journal  friction  and 
air  resistance.  Brakes  are  usually  applied  in  the  form  of  a  shoe 
which  presses  against  the  tread  of  the  wheel.  In  special  cases  a 
br.ike  shoe  is  pressed  against  the  rail.  These  forms  however,  are 
so  seldom  used  that  they  need  not  l)e  considered.  When  brake 
shoes  are  pressed  against  the  tread  of  a  ]olling  wheel,  a  frictional 
resistance  is  set  up  that  tends  to  retard  the  movement  of  the  wheel 
and,  consequently  of  the  the  vehicle  which  it  carries.  The  amount 
of  this  retardation  depends  upon  three  factors :  The  materials  of 
which  the  wheel  and  the  brake  shoe  are  composed,  the  weight  of 
the  car,  and  the  pressure  of  the  shoe  against  tlie  wheel.  The  fii-st 
item  determines  the  coefficient  of  friction.  The  coefficient  of 
friction  is  the  ratio  of  the  resistance  whicli  the  brake  shoe  offei-s  to 
the  movement  of  the  wheel,  to  the  pressure  of  the  shoe  upon  the 
wheel.  Thus  the  coefficient  of  friction  of  a  cast  iron  shoe  on  a 
steel  tired  wheel  may  be  .16.  That  is  to  say,  if  a  shoe  is  pressed 
against  a  wheel  with  a  pressure  of  5,000  pounds  it  has  the  same 
retarding  effect  as  a  jmll  of  5,000  X  .1^>  =  800  pounds  at  the 
rear  of  tlie  car.  As  there  are  eiglit  wlieels  on  each  car,  and,  as 
the  brakes  are  applied  with  equal  force  to  each  wheel  the  total 
retarding  force  for  the  whole  car  would  be  800  X  8  =  6,400 
pounds.  Hence,  with  the  brakes  applied  in  this  way,  the  car  must 
do  the  work  of  lifting  6,400  pounds  one  foot  for  each  foot  of  its 
own  motion.  At  a  speed  of  40  miles  per  hour  or  3,520  feet  per 
minute,  the  brakes  are  doing  3,520  x  6,400  =  22,628,000  foot 
pounds  of  work  per  minute  in  checking  the  motion  of  the  car. 

It  has  been  found  by  experiment  that,  in  ordinary  working, 
only  70  per  cent,  of  the  weight  on  the  wheel  can  be  applied  to  it 
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in  brake  shoe  pressure  without  skidding.  This  is  due  to  the  fact 
that  the  coefficient  of  friction  between  the  wheel  and  the  rail 
is  less  than  between  the  wheel  and  the  shoe.  It  has  also  been 
found  experimentally  that  the  greatest  retaixlatiou  occurs  when 
the  wheel  is  just  on  the  point  of  slipping  but  is  nevertheless  rolling 
with  the  full  velocity  of  the  car.  The  objection  to  skidding  is 
that  flat  spots  will  wear  on  the  ti-ead  of  the  wheel  because  of  tliia 
action. 

The  operation  of  a  brake  upon  a  railroad  car  is  similar  to  the 
action  of  gravity.  The  difference  lies  in  the  intensity  of  the  forc*e. 
(xravity  acts  with  a  force  equal  to  the  weight  of  a  l>ody.  The 
brakes  act  with  hut  a  small  percentage  of  that  weight.  Tlie 
retarding  force  of  the  brakes  is  found  by  multiplying  the  per- 
centage of  tlie  brake  pressure  to  the  weight  on  the  wheels  by  the 
coefficient  of  friction.  Thus,  suppose  the  brake  shoe  pressure  is 
equal  to  70  per  cent,  of  the  weight  of  the  car,  and  that  the 
coefficient  of  friction  i>  .16.  Then  the  retarding  force  is  equal  to 
.70  X  .1^>  =  .112  of  the  weight  of  the  car. 

If  we  know  the  vertical  velocity  of  a  body,  we  can  calcuhtte 
the  heiglit  to  wliich  it  will  rise  from  the  earth  when  retailed  hy 
gravity.  Suppose,  then,  a  l)ody  to  have  a  vertical  velocity  of  40 
miles  j)er  hour  at  tlie  surface  of  the  eartli.  This  is  equal  to  3,')-0 
feet  per  minute  or  58 J  feet  per  second.  According  to  the  rule 
given  in  discussions  ou  Mechanics,  such  a  lx)dy  would  rise  ti» 
a  height  of  5.'>.5  feet.  This  is  equivalent  to  53.5  foot  pounds  of 
work  for  each  pound  of  weight  of  the  body.  If  now  the  pull  of 
gravity  were  to  he  reduced  to  .112  of  the  weight,  the  Ixxly  wouM 
rise  to  a  height  of 

-5M_  =  477.68  feet. 
.112 

This  is  exactly  what  takes  place  in  the  case  of  the  application  of 

the  brakes  to  railway  cars.     Su2)pose  a  train  to  l)e  moving  at  the 

rate  of  40  miles  j)er  hour  or  3,520  feet  per  minute,  and  the  tmck 

on  a  slightly  descending  grade  so  that  the  pro})elling  effect  of  the 

grade  exactly  equals  the   retarding  effect  due   to  journal  friction 

and  air  resistanc^e.      If  now,  the  brakes  were  applied  so  as  to  give 

a  retarding  effect  of  .112  of  the  weight,  the  train  would  be  brought 

to  a  standstill  in  477.68  feet.     The  kinetic  energy  of  the  body 
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remains  the  same,  and  the  direction  of  motion  makes  no  difference, 
as  long  as  the  forces  in  operation  remain  unchanged. 

Of  coui-se,  such  ideal  conditions  never  occur.  The  grade 
varies,  the  brake  shoe  pressure  changes,  the  coefficient  of  friction 
fluctuates,  and  the  journal  friction  and  air  resistance  are  far  from 
constant.  As  a  result  the  distance  covered  l)efore  stopping  is 
usually  greatly  in  excess  of  the  calculated.  One  of  the  chief 
reasons  for  this  is  the  variation  of  the  coefficient  of  fric- 
tion. This  varies  l)etween  the  same  shoe'  and  wheel  on  the 
same  stop,  with  tlie  speed  of  the  train  and  the  time  during  which 
the  l)nik(»s  have  been  applied.  Ai-cording  to  tests  made  in 
England  by  (-apt.  Galton  the  coefficient  of  friction  between  a  cast 
iron  shoe  and  a  steel-tired  wheel,  varies  from  .068  at  sixty  miles 
an  hour,  to  .34  at  ">  miles  per  hour.  Reverting  to  our  previous 
calculation,  for  a  car  moving  at  40  miles  an  hour,  and  assuming 
the  smaller  of  these  coefficients  (.0o^<),  the  car  would  have  run 
021.89  feet  before  stopping.  With  the  greater  coefficient  the  stop 
would  have  been  made  in  157.82  feet. 

The  time  during  which  the  shoes  have  been  applied  also 
causes  the  coefficient  of  friction  to  vary.  At  a  speed  of  27  miles 
i)er  hour  the  coellicient  of  friction  dropped  from  .171  at  the  com- 
mencement of  the  experiment  to  .072  at  the  end  of  20  seconds. 

Brake  shoes  are  made  of  different  materials.  Soft  cjist  iron 
is  the  standard.  Other  sul)stances  are  used  in  order  to  secui'e 
greater  durability  and  economy. 

There  are  three  nu»thods  of  applying  brakes  to  railroad  cars  : 
hand,  vacnium  and  air  ])ower.  In  the  first  case  the  trainman  turns 
a  l)rake  wheel  attached  t<^  a  shaft  or  spindle.  A  chain  is  wound 
on  the  spindle  and,  by  a  suitable  arrangement  of  lever's  is  made  to 
apply  the  brakes.     Tliis  arrangement  will  l)e  descriljcd  later. 

The  second  means  employed  is  the  pressure  of  the  atmosphere 
upon  a  diaphragm  covering  a  vacuum.  As  the  air  is  exhausted 
from  the  space  beneath  the  diaphragm  the  latter  is  deflected  and 
pulls  upon  a  connection  to  the  bmke  rigging,  thus  applying  the 
brakes. 

The  third  means  is  that  of  the  expansive  property  of  com- 
pressed air,  and  is  the  metluKl  employed  in  the  air  brake.  The 
air  is  compressed  by  a  suitable  pump  located  upon  the  engine  and 
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is  stored  until  needed  for  use.  When  it  is  neces^in-  to  apply  the 
hrsike  a  i)Ortion  of  this  stored  air  is  allowed  to  posji  into  the  hrab 
cylinder.  This  cylinder  is  fitted  with  a  pLston  which  the  e>caping 
air  moves  outward.  It  is  so  connected  with  the  brakes  that  its 
movement  is  communicated  to  tlie  shoes  and  tiiey  are  applied. 

There  are  two  ty[)i's  of  air  brakes  that  have  been  usetl  in  the 
United  States:    the  straif/ht   air  and  the  automatic.     The  straight 
air  was  first  introcliiced  and  it  involves  the  simpler  mechanism.  In 
the  stniight  air  brake    the    compressed   air   is  stored  in  a  large 
reservoir  placed  U[)on  the  engine.   Under  each  car  there  is  a  hr.ike 
cylinder  with  its  connections  to  the  brakes.     Extending  the  entire 
lengtli  of  the  train  tlierc  is  a  pipe  with  side  <>i>enings  leadiiii^  ti^  the 
several  cylinders.      TIk;  connections  l>etween  the  cai-s  is  made  hv  a 
hose  coupling.      When  the  brakes  are  to   l>e  applied,  the  engineer 
admits  air  from  the  reservoir  into  the  train-pijH?.     This  air  riLslies 
into  each  cylinder  and  there  applies  the  bmkeson  the  car  to  which 
it  is  attached.      When  the  brakes  are   to  be   i*eleased,  the  opening 
from   the    reservoir   is   closed,   and   the   ti'ain-pij>e   0|»ened   to  the 
atmosphere.     The  air  in  the  2>ipe   and  cylinder '  thus  es4_*aj>es  and 
8j)rings  force  the  shoes  awt\y  from  the  wheels. 

Strjiijrjit  air  brakes  are  no  lonirer  used.  Thev  were  a  ^Teat 
improvement  u[)on  the  old  hand  in(tIio<l  <)f  applying  the  l>nike>. 
hut  they  were  sl(»w  in  aj)plication  and  release,  and  atYonled  no 
means  of  a[)[)lying  the  brake  from  the  train  in  case  of  areident. 

The  Automatic  Brake  lias  eiitirelv  su]»ei-sed»'(l  tht;  siraiLrht-air 
brak(*,  and  the  balance  of  this  [)aper  will  Ce  devoted  to  the  former. 
The  automatic  brake,  as  its  name  implies,  sets  auionialicallv  in 
casci  of  an  accident,  'j'hat  is  to  sav,  if  the  train  is  bn>ken.  a  ho-o 
or  pijH^  bursts,  or  any  part  of  the  train-pipe  is  injured,  the  hiakes 
will  b(j  automatically  a[)plie(l.  It  is  also  possible  to  applv  the  brakt'^" 
to  the  whole  train  from  anv  one  car.  In  the  straitrht-air  desi<^n  the 
brakes  were  applied  hy  admitting  air  into  t]iG  train-pi{K\  In  the 
automatic  type  the  biak(\s  are  applied  by  rediu'ing  the  pressure  of 
air  in  the;  train  l>ipe.  Hence,  it  will  be  seen,  that,  in  anv  of  the 
accidents  enumerated  alK)ve,  the  air  will  escape  from  the  tniin* 
])ipe,  and  the  brake  Ik;  applied.  In  orck'r  to  make  the  application 
from  any  car,  it  is  merely  necessary  to  open  communication  to  the 
atmosphere  from  the  train  j^ii^e  on  that  car. 
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The  principle  upon  wliieli  the  automatic  air  brake  is  operated 
is  shown  hy  the  diagram  Fig.  1.  In  this  diagram  A  A  represents 
the  air  pump  which  compresses  the  air  and  forces  it  into  the  main 
reservoir  B.  The  valve  C  is  tlie  engineer's  valve  which  is  upon 
the  engine.  By  means  of  this  valve  communication  can  be  estab- 
lished between  the  reservoir  B  and  the  train-pipe  D.  Or,  this 
communication  ma}'  be  broken  and  the  air  locked  in  these  two 
receptacles.  The  oi)ening  from  B  may  be  closed  and  that  from  D 
into  the  atmosphere  opened.  E  represents  the  triple  valve  through 
which  the  air  passes  to  the  auxiliary  reservoir  F,  placed  under  eacli 
car.  It  also  affords  conmiunication  between  the  auxiliary  reservoir 
F  and  the  brake  cylinder  G  when  the  brakes  are  to  be  applied. 

An  outline  of  the  working  of  the  mechanism  is  as  follows : 
The  i)ump  A  A  is  started  anddelivei-s  the  air  under  pressure  to  the 
main  rosenoir  B.  When  the  engine  has  been  coupled  to  the 
trail!   the   engineer's  valve  C   is  opened  and  the  air  flows  back 


Fig.  1. 

through  the  train-pipe  I)  to  the  triple  valve  Fj.  Entering  this 
valve  it  comes  in  contact  with  the  piston  a  and  pushes  it  to  the 
extreme  left  of  its  stroke.  When  in  tliis  pi)sition,  one  side  of  the 
piston  is  spanned  by  a  groove  b  in  the  casing,  called  tlie  leakage 
f/roove.  Air  leaks  through  tliis  groove  into  the  space  behind  the 
piston  and  tlienoe  passes  into  tlie  auxiliary  reservoir  F.  When  a 
suilicient  quantity  of  air  has  2>assedthis  piston  so  that  the  pressure 
in  F  and  the  train-pipe  I)  is  tlie  same,  the  car  is  said  to  be  charged. 
It  is  now  possible  to  apply  the  brakes.  By  turning  the  engineer's 
valve  so  that  the  flow  from  B  is  stopped  and  the  air  in  D  is  allowed 
to  escape  into  the  atmosphere  the  work  is  accomplished.  Lower- 
ing the  pressure  in  D  causes  an  excess  to  occur  on  the  left  hand 
side  of  the  piston  a.     The  air  in   the  triple  valve  and  auxiliary 
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reservoir  then  starts  to  rush  out  through  the  leakjige  groove,  but 
as  it  cannot  escape  rapidly  enough  to  supply  the  loss  in  D,  the 
piston  a  is  moved  to  the  right.  Attached  to  the  stem  of  the  piston 
a  is  a  small  slide  valve  c.  As  the  piston  moves  to  the  right  this 
valve  moves  with  it  and  so  uncovers  the  port  d  leading  to  the  pipe 
e.  The  line  of  communication  is  thus  formed  between  the  triple 
valve  and  the  bmke  cylinder  G.  Hence,  as  soon  as  this  port  is 
uncovered  the  air  from  F  flows  directly  into  the  bmke  cylinder 
and  applies  the  brakes.  Meanwhile,  the  piston  a  has  traveled  to 
the  right,  and  beyond  the  end  of  the  leakage  groove  6,  stopping 
the  flow  of  air  from  the  auxilliary  reservoir  to  the  train-pipe.  The 
brak^  are  now  set  and  will  remain  in  that  position  until  i-eleased. 

In  order  to  release  the  brakes,  the  engineer  re-establishes 
communication  between  the  main  reservoir  B  and  the  train-pipe  D. 
Air  again  entei-s  the  triple  valve.  The  piston  a  is  pushed  to  the 
left.  In  this  movement  the  slide  valve  c  is  shifted  so  that  the  flow 
of  air  from  the  auxilliary  reservoir  F  into  tlie  brake  cylinder  G  is 
stopped  and  communication  opened  between  the  brake  cylinder  and 
the  atmosphere.  This  is  accomplished  by  the  pa^-sage  way  beneath 
the  viilve  which  establishes  a  connnunication  between  the  port  d 
and  tlie  exhaust  port  /;    the  latter  being  open  to  the  atmosphere. 

Such  is  the  principle  of  operation  of  the  air-brake  ;xs,  at  pres- 
ent, constructed.  Great  iiis^eiiuity  has  been  displayed  in  tht^ 
designing  and  construction  of  the  details  and  each  part  will  be 
taken  up  in  its  order  and  described. 

At  the  present  time  there  are  two  principal  competitors,  the 
Westinghouse  Air  Brake  Co.  and  tiie  New  York  Air  Brake  Co. 
Both  brakes  are  operated  on  the  same  principle  and  they  differ 
only  in  the  niochanical  construction  of  the  parts. 

The  Pump.  Ficr.  -  illustrates  in  vortical  section  the  eieht- 
inch  air  pump  as  made  by  the  Westinghouse  Air  Brake  Co.  The 
essential  features  are  two  tandem  cylindei-s  with  their  pistons 
mounted  on  a  single  rod  and  the  valve  mechanism  in  connection 
with  eacli.  The  upper  one  is  the  steam  and  the  lower  the  air 
cylinder.  Referring  to  the  engraving  it  will  be  seen  that  th?  valve 
is  set  vertically  upon  one  side  of  the  cylinder,  that  it  is  of  the 
piston  type  and  is  litted  witi>  an  auxiliary  ope'^ating  piston  at  the 
upper  end. 


tSM 


THE  AIR  BRAKE.  ^ 


The ,  main  working  pistons  are  fastened  to  the  same  piston  rod. 
They  are  packed  with  the  ordinary  form  of  split  packing  rings 
sprung  into  grooves.  The  i)iston  rod  is  hollow  for  a  portion  of  its 
length.  The  air  cylinder  is  fitted  with  two  sets  of  ordinary  check 
valves  for  admitting  the  air  and  allowing  the  same  to  escape  after 
compression. 

The  lower  head  of  the  steam  and  the  upper  head  of  the  air 
cylindei-s  are  cast  in  one  piece  with  a  convenient  space  between 
them  for  the  insertion  and  manipulation  of  the  stuffing  boxes  and 
glands  about  the  piston  rod. 

The  steam  is  admitted  alK)ve  and  l)elow  the  steam  piston,  as 
in  the  case  of  any  steam  engine,  causing  the  piston  to  move  uj)  and 
down  and  operating  the  air  piston  beneath.  The  action  is  as  fol- 
lows :  Steam  is  admitted  from  the  boiler  through  the  connection 
so  marked  into  the  steam  chest  (1).  From  here  it  hius  direct  and 
constant  access  by  the  circular  port  (3),  through  a  passage  that  is  not 
shown  in  the  engraving  into  the  small  steam-chest  (4).  In  this 
steam-chest  there  is  a  small  I)  valve  (5).  This  valve  is  attached 
to  the  stem  (6),  which  extends  down  into  the  main  steam  cylinder 
and  into  the  hole  in  the  piston  rod.  This  valve  rod  terminates  in 
a  button  at  the  lower  end  and  has  near  its  upper  end,  a  shoulder. 
The  intended  use  of  the  shoulder  will  be  presently  explained. 

When  the  valve  is  in  tlie  position  shown  in  the  engraving, 
the  steam  passes  from  the  steam  chest  (4),  through  the  port  and 
passage  (7)  into  the  upper  end  of  the  cylinder  (8^.  Here  it  pro- 
duces a  downward  pressure  upon  the  revei*sing  pist<m  (9).  In  the 
construction  of  the  piston  valve  of  the  pump,  the  reversing  piston 
(9)  and  the  upper  piston  (10)  of  the  valve  itself  are  of  the  same 
diameter.  The  lower  piston  (11)  of  the  valve  is  of  a  smaller 
diameter.  The  result  of  this  combination  is  that,  when  steam  is 
admitted  above  the  piston  (9),  the  pressure  there  exertcjd  balances 
the  upward  pressure  beneath  the  piston  (H)).  There  is,  then,  an 
excess  of  downward  pressure  due  to  that  exerted  upon  the  piston 
(11)  and  the  whole  is  pushed  downward  into  the  position  shown 
in  the  engraving.  When  so  set,  steam  passes  fro:n  the  steam-chest 
(1)  through  the  small  poits  (12)  into  the  port  (18)  and  so  into 
the  lower  portion  of  the  steam  cylinder.  Here  it  forces  the  p" 
up.  At  the  same  time,  the  steam  above  the  piston  escapes  t 
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the  ports  (14)  into  the  passage  (2),  which  runs  in  a  belt  around 
the  cylinder  and  to  the  exhaust  chamber  (15).  Thence  it  passes 
into  the  exhaust  i^ipe  and  is  led  into  the.  stack  by  a  suitable  pipe 
usually  placed  beneatli  the  jacketing  of  the  boiler. 

As  the  main  piston  approaches  the  upper  end  of  its  sti*oke  the 
reversing  valve  plate  (16),  which  is  bolted  to  the  top  of  the  piston, 
strikes  the  upper  shoulder  of  the  valve  stem  (6)  already  referred 
to.  This  movement  pushes  the  valve  (5)  into  its  upper  position. 
Here  it  covers  the  port  (7)  and  the  port  (17)  is  placed  in  com- 
munication with  the  port  (18)  through  the  exhaust  space  in  the 
valve  (5).  The  port  (18)  leads  by  way  of  a  small  passage 
beneath  the  piston  (9)  into  the  exhaust  passage  (2).  The  steam 
in  the  cylinder  (8),  therefore,  escaj^es  tliiough  (17),  (18)  and 
(2)  into  the  exhaust  i)ipe.  Under  these  circumstances  the  balance 
due  to  the  equalization  of  the  pressure  above  (9)  and  below  (10) 
is  destroyed.  As  the  piston  (10)  is  of  larger  difimeter  than  (11). 
the  excess  of  piessure  upon  the  former  tends  to  raise  it  and  the 
whole  moves  into  its  upper  position.  In  doing  so  the  lower  pLstoc 
(11)  uncovers  the  small  port  (19)  and  allows  the  steam  beneath 
tlie  main  piston  to  escape  into  the  [)assage  (20)  which  corres|)onds 
to  (2)  at  tlic  top.  It  is  thus  led  totlie  exhaust  chamber  (15)  and 
the  stack  in  the  same  manner  as  before.  Meanwhile,  the  2)istoD 
(10)  rises  so  as  to  uncover  tlie  ports  (21)  and  steam  is  admiiteo 
througli  them  into  the  main  cylinder  above  the  piston,  which  is 
then  driven  down. 

As  tlie  main  piston  a[)proaches  the  end  of  its  downward 
stroke  tlie  reversing  valve  plate  (10)  strikes  the  button  at  the 
lower  end  of  the  valve  stem  (0).  The  valve  (5)  is  thus  agjiin 
carried  down  to  tlie  [)osition  sliown  in  the  engraving.  Steam  is 
admitted  above  tlie  piston  (9),  the  pistons  of  the  valve  are 
depressed  and  the  steam  again  forces  the  main  piston  up. 

The  operations  in  the  air  cylinder  are  much  more  simple. 
The  valve  chamber  on  the  riti^ht  of  the  cvlinder  is  fitted  with  four 
valves,  (22),  (23),  (24)  and  (25).  Of  these  (22)  and  (24)  are  the 
delivery  and  (23)  and  (2"))  the  inlet  valves.  When  the  piston  is 
rising,  air  is  admitted  through  the  small  holes  of  the  air  inlet  and, 
by  raising  the  lower  valve  (25),  flows  into  the  cylinder.  The 
compressed  an   produced   ]>y  the   upward  motion  of  tlie  pistoa 
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passes  out  tlirough  tlie  port,  presaea  the  valve  (23)  down  against 
its  seat  and  lifts  the  valve  (22).  Then  it  flows  out  through  a 
passage  not  shown  in  the  engraving,  to  the  chamber  (26),  whence 


Fig.  a. 


it  IB  led  to  the  main  i-eservoir  as  indicated.  During  the  downward 
stroke  of  the  piston  air  is  adniitted  through  the  upjier  inlet  holes 
bj  lifting  the  valve  (28^.     Theair  beneath  the  piston  is,  at  the 
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Bame  time,  forced  out,  into  tlie  chamber  (26)  and  thence  into  the 
main  reservoir  by  lifting  the  valve  (24). 

It  will  be  noticed  that  n  atop  is  screwed  in  above  each  of  the 
delivery  valves  (22)  and  (24).  This  prevents  an  excessive  lift 
and  subsequent  slamming  of  these  valves.     The  lift  of  the  inlet 


Fig.  8. 


valves  is  also  limiti'd  by  the  disclini-ge  vjilve  aixive  it.    The  niotion 
of  tliusv  viilv,-H  U  Hiiiitcd  to  ,/^  incli. 

In  tlie  '.'},  iiioh  ^Vi'Stinglinuse  jmnip  shown  in  J'ig.  3  there  is 
H  difTei'ont  Liriatigciiicitt  of  reversing  valve  mechaniam.  In  ttiia 
figure  A  and  IS  represent  two  vertical  sections  at  right  angles  ia 
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each  other.  The  plane  of  A  is  parallel  with  the  center  line  of  the 
engine,  and  B  with  a  line  drawn  transversely  to  the  same  "^^he 
mechanism  for  the  reversal  of  the  pump  acts  upon  the  same  prin- 
ciple as  in  the  case  of  the  8-inch  ])ump.  The  details  of  the  con- 
struction are,  however,  quite  different.  The  piston  valve  control- 
ling the  admission  of  steam  into  the  cylinder  is  horizontal.  Steam 
is  admitted  from  tlie  boiler  at  the  point  indicated.  It  flows 
through  the  passage  (1),  up  and  into  the  steam-chest  (2),  as  indi- 
cated by  the  arrow.  Here  it  is  confined  between  the  two  ])istons 
(3)  and  (4)  of  the  main  valve.  Of  these  (3)  is  the  larger  in 
diameter.  The  stem  connecting  tliese  two  pistons  passes  through 
and  is  fastened  to  an  ordinary  D  slide  valve  (5).  Beneath  this 
slide  valve  there  are  three  ports,  exactly  like  those  of  an  ordinary 
steam  engine.  Of  these  the  one  at  the  left  leads  to  the  bottom  of 
the  steam  cylinder ;  the  one  in 
the  middle  leads  to  the  exhaust, 
and  the  one  at  the  right  leads  to 
the  top  of  the  steam  cylinder.  In 
the  i)Osition  shown  in  the  engrav-  ^ 
ing  (A)  the  valve  Ls  at  the  extreme 
right  of  its  stroke  and  tlie  port, 
leading  to  the  bottom  of  the  cylin- 
der is  o[)en  for  tlie  passage  of  steam. 

The  bushing  (G)  beneath  the  valve  is  of  a  peculiar  construc- 
tion. It  is  shown  in  detail  in  Fig.  4.  The  main  ports  6,  d 
and  c  are  cut  to  coiTcspond  to  the  steam  ports  as  already  indicated. 
There  is  a  small  passage  t  through  which  any  air  or  steam  that  may 
have  found  its  way  to  the  left  of  piston  (4)  can  escape  to  the 
exhaust.  The  passage  t  maintains  a  constant  communication 
between  the  chamber  on  the  left  of  piston  (4)  and  the  exhaust  or 
the  atmosphere.  There  is,  therefore,  never  any  pressure  exerted 
on  the  left  hand  side  of  the  piston  (4).  As  piston  (3)  is  larger 
than  jiiston  (4)  the  greater  pressure  exeiled  U[)on  the  former  ])y 
the  steam  in  the  chest  (2)  moves  the  whole  reversing  mechanism 
to  the  right  until  piston  (3)  strikes  against  the  head  of  the  cylin- 
der. This  opens  the  port  at  the  left  and  allows  steam  to  enter  the 
bottom  of  the  cylinder.  The  steam  piston  is  fitted  with  a  revei-s- 
ing  valve  plate  exactly  as  in  the  case  of  the  8-inch  pump.     The 
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piston-rod  is  also  hollow  and  there  is  a  reversing  valve  and  rod  of 
the  same  type.  This  valve  is  shown  in  section  in  B.  The  duty 
of  tliis  valve  is  to  admit  and  exhaust  the  steam  from  the  space 
between  the  piston  (3)  and  head  of  the  cylinder  in  which  it  moves. 

Between  the  steam  chests  (2)  and  (7)  there  is  a  passage  (8) 
maintaining  a  constant  communication  between  the  two.  Hence 
boiler  pressure  always  exists  in  steam-chest  (7). 

When  the  steam  piston  has  reached  the  extreme  lower  end  of 
its  stroke  the  reversing  valve  plate  has  struck  the  button  at  the 
lower  end  of  the  valve  rod  and  drawn  the  valve  into  its  lower 
position  as  shown  in  B.  In  this  position  the  ports  (9)  and  (10)  are 
connected  by  the  cavity  of  the  D  valve.  Of  these  ports  (10)  leads 
to  the  space  in  the  cylinder  between  the  piston  (3)  and  the  cylinder 
head;  the  port  (9)  leads  to  the  exhaust  pipe;  and  the  port  (11) 
leads  to  the  passage  g  of  Fig.  4,  which  runs  out  to  the  end  of  the 
cylinder  between  the  piston  (3)  and  the  head. 

As  the  steam  piston  approaches  the  upper  extremity  of  its 
stroke,  the  reversing  valve  plate  strikes  the  shoulder  of  the  valve 
stem.    The  reversing  valve  (12)  is  thus  raised  so  that  the  port  (11) 
is  opened   to  the  steam  in  the  chest    (7).     Pressure  is,  therefore, 
admitted  througli  the  port  (11)  of  B  and  the  passage  g  of  Fig.  4  to 
the  space  between  the  piston  (3)  and  its  cylinder  head.  The  piston 
(3)  is  now  balanced  by  an  equal  pressure  on  each  side  of  it.     The 
result  is  that  the  pressure  on  the  right  hand  side  of  piston  (4)  is  the 
controlling  one  and  this  moves  the  valve  to  the  extreme  left  of  its 
throw.     In  this   position   the  port  openings  are  changed.     The 
port  on  the  right  is  opened  to  the  steam  in  the  steam  chest  (2),  and 
the  port  on  the  left  is  connected  with  the  exhaust  through  the 
cavity  of  the  D  vidve  (5).     Steam  is  now  admitted  to  the  top  of  the 
main  cylinder  and  exhausted  from  the  bottom.     This  causes  the 
piston  to  move  down. 

Approaciiiiig  the  lower  end  of  its  stroke,  the  reversing  valve 
plate  strikes  the  button  on  the  end  of  the  valve  rod.  This  draws 
the  valve  (1-)  down  into  the  position  shown  in  the  engraving; 
cutting  off  the  supply  of  steam  to  the  right  of  piston  (3)  and  allow- 
ing that  already  there  to  escape  through  the  port  A  of  Fig.  4,  thence 
through  (9)  of  Fig.  3  to  /,  of  Fig.  4  to  d  and  finally  out  at  the 
exhaust.     This  causes  the  pressures  upon  the  two  sides  of  piston 
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(3)  to  become  unbalanced  so  that  the  pressure  in  the  chest  (2)  again 
controls.  The  excess  of  pressure  on  piston  (3)  above  that  exerted  on 
piston  (4),  causes  the  valve  to  be  moved  to  the  right  again  and  take 
up  the  position  shown  in  the  engraving.     This  reverses  the  pump. 

The  construction  of  the  air  cylinder  differs  only  in  detail  from 
the  8-inch  pump  as  already  described.  There  is  a  separate  inlet 
and  discharge  valve  for  each  end  of  the  cylinder.  The  air  inlet 
is  protected  by  a  wire  gauze  that  causes  the  air  to  be  divided  into 
small  particles  on  entering  the  cylinder.  A  passage  cored  in  the 
cylinder  leads  from  this  inlet  to  a  point  beneath  the  inlet  valves 
(13).  The  lift  of  these  valves  is  limited  to  ^^  inch  by  a  stop  above 
them.  Both  valves  are  seated  by  gravity.  These  valves  are  indicated 
by  dotted  lines.  The  discharge  valves  (14)  are  of  the  same  form. 
The  space  above  them  is  connected  by  a  cored  passage,  that  is  not 
shown,  with  the  chamber  (15)  opening  into  the  discharge  pipe. 
The  lift  of  these  valves  is  also  limited  to  ^j  inch  by  stops  above 
them.  In  the  case  of  the  upper  valves  the  stop  is  formed  by  the 
plug  that  18  screwed  in.  The  stops  for  the  lower  valves  are  a  por- 
tion of  the  cylinder  casting. 

The  duplex  pumps  made  by  the  New  York  Air  Brake  Co., 
Instead  of  having  single  steam  and  air  cylinders,  have  two  of  each. 
Both  steam  cylinders  are  five  inches  in  diameter.  One  air  cylinder 
is  five  inches  in  diameter  and  the  other  is  7  inches.  These 
dimensions  refer  to  the  No.  1  pump.  In  the  No.  2  size,  the  steam 
cylinders  are  each  7  inches  in  diameter.  The  high  pressure  air 
cylinder  is  7  inches  in  diameter  and  the  low-pressure  is  10  inches. 

In  the  working  of  this  pump,  the  steam  cylinders  act  inde- 
pendently. The  valve  of  one  steam  cylinder  is  operated  by  the 
piston  movement  of  the  other.  Both  air  cylinders  are  filled  with 
free  air  at  every  stroke.  The  first  operation  is  to  force  the  air 
from  the  largest  air  cylinder  into  the  smaller  one  in  addition  to  the 
free  air  already  in  the  smaller  cylinder.  The  smaller  cylinder  then 
contains  three  times  its  volume  of  free  air  compressed  to  a  pressure 
of  about  40  lbs.  per  square  inch.  The  small  or  high-pressure  piston 
then  completes  the  compression  and  forces  air  into  the  reservoir. 
In  this  way  the  two  5-inch  steam  pistons  are  caused  to  drive  the 
equivalent  of  three  5  inch  air  pistons  by  which  a  saving  in  steam 
is  claimed. 
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The  valve  gear  Ls  very  simple.  For  the  steam  cylinders  it 
consists  of  two  plain  slide  valves  (5)  and  (6)  that  work  in  the 
steam  chests  (16)  and  (11^.  They  are  operated  by  the  tappet 
rods  (7)  and  (8)  which  extend  into  the  hollow  piston  rods  of  the 
steam  cylinders,  in  the  same  way  as  do  the  similar  parts  of  the 
Westinghouse  pumps.  It  will  be  seen  from  the  engraving.  Fig. 
5,  that  the  valve  on  one  side  controls  the  steam  supply  to  the 
opposite  cylinder. 

In  the  position  shown,  the  steam  piston  in  cylinder  (2)  has 
completed  its  downward  stroke.  The  reversing  valve  plate  (20) 
has  struck  the  shoulder  of  the  tappet  rod  (8)  and  pushed  the 
valve  (6)  into  its  lowest  position.  It  will  be  seen  that  the  port 
(23)  leading  to  the  top  of  cylinder  (1)  is  now  uncovered.  Steam 
is,  therefore,  free  to  flow  from  the  steam-chest  (7)  to  the  upper 
end  of  cylinder  (1).  At  the  same  time  the  port  (27)  leading  to 
the  bottom  of  cylinder  (1)  is  opened,  through  the  exhaust  cavitj 
of  the  valve  (6),  to  the  exhaust  port  (19). 

The  piston  (22)  of  cylinder  (1)  now  moves  downward  under 
the  influence  of  the  steam  admitted  above  it.  Meanwhile  the 
valve  (5)  controlling  cylinder  (2)  and  its  piston  (21)  remains 
stationary,  and  steam  continues  to  press  that  piston  down  against 
the  bottom  of  the  cylinder.  As  piston  (22)  approaches  the 
bottom  of  its  stroke,  its  revereing  valve  plate  (20)  strikes  the 
shoulder  on  the  tappet  rod  (7).  Tliis  pushes  the  valve  (5)  down 
to  its  lowest  position.  Then  the  port  (26)  leading  into  the 
bottom  of  cylinder  (2)  is  uncovered.  Port  (28)  leading  to  the 
top  of  cylinder  (2)  is  connected  to  the  exhaust  port.  Steam, 
therefore,  entei*s  the  bottom  of  cylinder  (2)  and  is  exhausted  from 
the  top.  The  piston  (21)  then  rises.  One  piston  is  always  at 
rest  while  the  other  is  in  motion. 

The  air  valves  are,  like  the  corresponding  valves  of  the 
Westinghouse  pump,  simple  check  valves.  They  seat  by  gravity 
while  tlie  piston  is  motionless. 

The  action  of  the  air  cvlinders  is  as  follows:  With  the 
pistons  in  the  position  shown,  tlie  cylinder  (3)  is  filled  with  air 
under  a  pressure  of  about  40  pounds  per  square  inch,  and  cylinder 
(4)  is  filled  witli  free  air.  Piston  (31)  moves  down  and  forces 
the  air  beneath  it  out  through  the  valve  (14)  into  the  pipe  lead- 
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ing  to  the  main  reservoir.  At  the  same  time  iit  is  drawing  free 
air  in  through  valves  (9)  and  (11)  to  fill  the  space  in  the  top  of 
the  cylinder.  Hence,  when  it  has  reached  the  bottom  of  its  stroke, 
lK)th  air  cylinders  are  filled  with  free  air.  Piston  (32)  of  the 
large  cylinder  now  moves  upward  and  forces  the  air  above  it  out 
through  valve  (11)  into  the  top  of  cylinder  (3).  At  the  same 
time  it  is  drawing  free  air  in  through  valve  (10)  to  fill  the  space 
beneath  it.  Hence,  when  piston  (32)  has  reached  the  upper  limits 
of  its  stroke,  the  space  beneath  it  is  filled  with  free  air  ready  for 
the  return  stroke,  and  the  cylinder  (3)  is  filled  above  its  piston 
with  air  at  a  pressure  of  about  40  pounds  per  square  inch. 

On  the  upward  stroke,  the  piston  (31)  of  the  small  cylinder 
force^s  the  air  above  it  out  through  the  valve  (13)  whence  it  flows 
by  a  cored  passage,  that  is  not  shown,  into  the  discharge  pipe  to 
the  main  reservoir.  At  the  same  time  it  draws  air  into  the  bottom 
of  the  cylinder  through  the  valves  (10)  and  (12). 

The  details  of  the  piston  packing  and  air  valves  are  similar 
to  those  in  use  on  the  Westinghouse  pumps. 

The  Main  Reservoir.  By  referring  to  the  plate  at  the  end 
of  this  paper  it  will  be  seen  that  the  pump  delivers  its  air  directly 
into  the  main  reservoir.  This  is  made  of  boiler  plate  and  is  sub- 
stantially I'iveted  together.  The  size  varies  from  a  capacity  of 
about  11,200  cubic  inches  to  20,000  cubic  inches,  dependent  upon 
the  service  for  which  the  engine  is  intended.  It  is  recommended 
that,  for  passenger  engines,  the  capacity  should  not  be  less  than 
2G,000  and  for  freight  engines,  not  less  than  20,000  cubic  inches. 
These  reservoirs  serve  as  a  storage  place  for  the  air  supph-.  This 
supply  is  drawn  upon  to  release  the  brakes,  after  they  have  been 
applied,  and  to  charge  the  auxiliary  reservoirs  under  the  indi- 
vidual ears.  The  air  in  the  main  reservoir  is  not  drawn  upon  in 
applyint^  the  hi-akes. 

Th(?  main  reservoir  is  located  at  any  convenient  point  on  the 
locomotive.  It  may  be  anywhere  l)etween  the  pilot  and  the  back 
hamper  on  the  tender. 

The  Pump  Governor.  It  is  evident  that  unless  some  means 
of  (;ontrol]ini^  it  is  provided,  tli(*  pump  will  continue  in  operation 
until  it  is  stalled  by  the  accumulated  pressure  in  the  main  reser- 
voir.    This   would   result  in    a   varying   pressure    in   the  latter 
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dependent  upon  the  steam  pressure  in  the  boiler.  In  order  tliat 
the  engineer  may  Iiave  complete  control  of  the  brakes  o£  a  traia, 
it  h  necessary  that  tlic  pressure  in  the  maiit  reservoir  should  be 
nearly  constant.     For  this  purpose  the  pump  governor  is  used. 

Tliis  device  is  so  designed  thattlic  ailmtssion  of  steam  to  the 
imnip  is  controlled  liy  the  air  pressure  in  the  main  reservoir.  As 
will  be  seen  by  reference  to  Uie  plate,  a  pipe  is  led  from  the  main 


reservoir  to  a  pressure  gauge  by  way  of  the  engineer's  valve,  and 
'■•■inre  on  to  the  pump  govenior.  This  governor  is  also  set  in  tlic 
steam  pipe  l)et\veen  the  l«)iler  and  the  pump.  It  is  shown  in 
vertical  section  in  Fig.  li.  Tlie  eonuections  to  the  boiler  and  the 
pump  ai-e  shown  at  the  bottom  of  the  oiigriiving.  When  the 
pump  is  working,  stt.'ain  entera  at  the  connection  at  the  left,  passes 
through  beneath  the  valve  (1)  and  tlience  on  to  the  pump.     As 
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the  pressure  in  the  main  reservoir  rises,  air  flows  from  it  into  the 
space  (2).  This  space  is  closed  at  the  top  by  a  sheet  metal 
diaphragm  (3)  which  is  fastened  to  a  piston  (4).  This  piston  and 
diaphragm  are  held  down*  by  the  spring  (5)  set. above  it  in  an 
enclosing  case.  The  tension  of  the  spring  is  regulated  by  a  nut  in 
tlie  casing  above  it.  Tlie  tension  is  adjusted  so  that  the  diaphragm 
will  yield  and  witli  it  the  piston  when  any  predetermined  pressure 
has  been  reached  in  the  main  reservoir.  Attached  to  the  piston 
then^  is  a  small  pin  valve  (6).  Under  normal  conditions  the 
spring  (5)  forces  tlie  piston  (4)  down  and  the  pin  valve  is  held 
against  its  seat.  When  the  pressure  in  the  main  reservoir  has 
risen  to  the  point  where  it  raises  the  diaphragm  by  compressing 
the  spring  (5)  the  pin  valve  (6)  is  lifted  from  its  seat.  This 
permits  air  to  flow  past  and  down  into  the  clmmber  (7).  This 
chanil)er  is  above  the  piston  (8).  Piston  (8)  is  fastened  to  the 
stem  of  the  steam  valve  (1).  When  the  pump  is  working,  the 
valve  is  held  open  by  the  spring  (9).  As  the  air  from  the  main 
reservoir  flows  into  the  chamber  (7)  the  piston  (8)  is  forced  down 
until  the  valve  (1)  is  closed.  This  cuts  off  the  steam  supply  from 
the  i)ump  and  the  latter  stops. 

When  the  releasing  or  recharging  of  the  brakes  or  any  other 
cause  has  lowered  the  pressure  in  the  main  reservoir  the  spring  (5) 
again  closes  the  pin  valve  (0) .  The  air  that  is  then  confined  helow 
't  and  above  the  piston  (8),  leaks  out  into  the  atmosphere  through 
the  hole  (10).  Such  a  leakage  destroys  the  pressure  on  the  piston 
(8)  and  it  is  laised  by  the  combination  of  the  steam  pressure 
beneath  the  valve  (1)  and  the  spring  (9).  As  it  rises  the  valve 
(1)  is  opened  and  the  pump  is  again  started. 

Since  the  diaphragm  (3)  is  securely  ehimped  between  the 
diaphragm  ring  above  it  and  the  casing  below,  there  is  little  likeli- 
hood of  any  leakage  of  air  blowing  around  it.  Should,  however, 
any  such  leakage  occur,  it  can  escape  into  the  atmosphere  througli 
the  hole  shown  in  the  side  of  the  casing.  Thus  any  accumulation 
of  pressure  above  the  diaphragm  is  prevented. 

When  the  pin  valve  (6)  is  opened  and  there  is  a  pressure  upon 
the  piston  (8),  there  is  a  constant  leakage  of  air  into  the  atmospliea* 
through  the  leakage  hole  (10).  This  escape  of  air  will  lower  the 
pressure  in  the  main  reservoir  just  rapidly  enough  to  make  the 
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pomp  work  very  slowly.  Such  action  keeps  the  parts  hot  and 
prevents  a  condensation  with  a  consequent  accumulation  of  water 
in  the  steam  cylinders. 

The  pump  governor  supplied  by  the  New  York  Air  Brake  Co., 
acts  in  the  same  manner  with  but  insignificant  variations  in  the 
details  of  construction. 

Engineer's  Valve.  This  portion  of  the  air  brake  apparatus 
is  usually  called  the  engineer's  valve.  The  full  technical  name  is 
the  EiigineerB  brake  and  equalizing  discharge  valve  with  feed  valve 
attachment.  The  function  of  the  engineer's  valve  is  to  give  the 
engineer  a  complete  control  of  the  flow  of  air  and  with  it  of  the 
brakes  upon  the  train.  There  are  five  positions  of  the  handle  of 
this  valve,  namely  :  the  full  release,  running,  lap,  service  applica- 
tion and  emergency  application.  The  full  release  position  is  used 
when  the  brakes  are  to  be  released.  The  running  position  is  the 
one  in  which  the  handle  is  set  when  running  upon  the  road. 
When  so  set  there  is  a  sufficient  flow  of  air  from  the  main  reser- 
voir to  the  train-pipe  to  compensate  for  any  leakage  that  may  exist 
and  to  keep  the  auxiliary  reservoirs  fully  charged.  In  the  lap 
position  all  of  the  ports  of  the  engineer's  valve  are  blanked  so  that 
there  is  no  passage  of  air  from  one  i)oint  to  another.  In  the  ser- 
vice position  the  flow  of  air  from  the  main  reservoir  into  the  train- 
pipe  is  cut  off,  and  there  is  a  slow  discharge  of  air  from  the 
train-pipe  into  the  atmosphere.  This  causes  the  brakes  to  apply 
gradually  and  moderately.  In  the  position  of  emergency  applica- 
tion the  flow  of  air  from  the  main  reservoir  into  the  tmin-pipe  is 
als^j  cut  off  and  there  is  a  sudden  and  mpid  discharge  of  air  from 
the  tmin-pipe.  This  causes  the  brakes  to  apply  rapidly  and  with 
full  force. 

The  mechanism  of  the  engineer's  valve  is  somewhat  compli- 
cated and  will  require  careful  study  to  master  it. 

The  firet  form  of  engineer's  valve  used  was  practically  noth- 
ing more  than  a  three-way  cock.  With  it,  it  was  almost  impossible 
to  secure  the  proper  i eduction  of  train-pipe  pressure.  There  was 
also  great  danger  of  making  an  emergency  application  whe;i  a  ser- 
vice one  was  required. 

The  latest  form  of  Westinghouse  engineer's  valve,  known  as 
the  F  6  valve,  is  shown  in  vertical  section  in  Fig.  7.     It  will  be 
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aeen  that  there  are  four  pipes  leading  into  this  valve.  They  run 
to  the  iiiniii  reservoir,  the  train-pijie,  the  hlack  hand  of  the  pres- 
sure gauge  and  to  tlie  equalizing  reservoir. 

The  viilve  ismanipulutod  by  t)ie  handle  (1)  which  is  fastened 
to  the  rotaiy  valve  (2.)  This  valve  is  so  arranged  that  the  [lassages 
within  it  comhinod  with  the  ports  henealh  enahic  tlie  engineer  to 
expcule  any  dcsiu'd  manipulation  of  tlie  bi-akes.  The  flow  of  air 
ia  the  Jive  ^xisitioiis  of  tlie  engineer's  valve  is  as  follows; 
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Flrnt.  The  full  release  jionitlon.  The  handle  is  shown  in 
Ihis  pnsiiiiiji  in  Fij;.  7.  Wiien  so  set  there  is  a  direct  eotineclinn 
liftwv.'ii  liiL'  main  rcsci-voir  and  the  train  line  thi-oiigh  a  large  [Wit 
and  Iji'twrcii  till'  main  reservnir  and  the  small  brake  valve  reser- 
voir llniiu;;h  two  sinall  ]i..rts.  The  iiir  flows  from  the  main 
riscrvoii  uji  tu  the  I'ligiiicer's  viilve,  vvliieh  it  enters  ut  the  main 
rcsi'ivoii'  i/imiiectioii  as  indieatetl.  It  entere  the  rotary  valvf  from 
the  top  through  the  supply  >>ort,  and  passes  direcUy  down  to  the 
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port  in  the  seat  beneath  as  shown  in  Fig.  7,  In  tliis  port  it  [Misses 
Around  the  stem  and  bearing  of  tlie  nitiiiy  valve,  as  indicated  by 
the  arrow,  and  into  the  direct  application  and  supply  port.  The 
engraving  shows  that  this  port  runs  down  and  connects  directly 
with  the  train-pipe.  As  tlie  air  passes  llirough  the  cavity  on  the 
lower  side  of  the  rotary  valve  (2),  to  the  direct  application  and  sup- 
ply iwrt,  it  is  free  to  pass  through  the  etiuiilizing  port  (Fig.  9) 
into  the  cavity  marked  "  to  small  reservoir."  When  in  this  posi- 
tion another  small  port 
in  the  rotary  is  over  the 
preliminary  exhaust  port 
in  the  seat,  which  also 
has  a  connection  leading 
to  the  small  reservoir. 

It  will  thus  be  seen 
that  the  main  reservoir 
pressure  has  access,  at 
all  times,  to  the  top  of 
the  rotary  valve.  Hence, 
jvhen  in  the  release  posi- 
tion, the  airflowsdirectlj 
into  the  train-pipe  and 
the  brake  valve  reser- 
voir. This  flow  con- 
tinues until  the  pressure 
in  these  two  flaces  is 
equal  to  that  of  tlie 
main  reservoir.  This 
standard  pressure  is  90 
pounds  per  square  inch. 

As  the  stiindard  pressure  for  the  tnvin-pipe  is  but  70  pounds, 
a  small  hole,  of  about  the  diiiineter  of  a  pin,  allows  the  main  reser- 
voir pi-essui-e  to  blow  out,  tlius  \variiing  the  engineer  tliat  lie  will 
obtain  full  main  reservfur  pressure  in  the  tniin-pipe,  if  he  allows 
the  valve  to  remain  in  the  full  release  position  for  too  long  ii  time. 
This  accumulation  of  train-pipe  pressure  is  obviated  by  moving  the 
valve  into  the 

Second  or  Running  Potition.     In  this  position  all  of 
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pasBuig  to  the  train-pipe  must  flow  through  llie  feed  valve  or  train- 
pipe  governor  wliich  ia  shown  at  the  right  of  Fig,  8.  When  in 
this  position,  the  air  flows  from  the  main  reservoir  down  through 
the  1-ot.iry  valve,  into  the  feed  port  and  out  through  the  hoiizontal 
passage  to  tlie  top  of  the  tniiri-line  governor. 

The  Train  Line  Governor  is  a  reducing  valve  set  to  cut  off 
the  flow  (if  air  when  the  pressure  in  the  train-pipe  has  reached  a 
pressure  of  70  pounds.     The  construction  of  tlie  governor  is  very 
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simple.  There  is  a  stiff  spring  e  licid  in  a  case  at  the  bottom 
whicli  presses  up  against  a  disc  and  diaphragm  d  above  wliiili 
there  is  a  piston  c.  The  stem  of  the  coiitTOlling  valve  !i  is  pi'essed 
down  against  the  top  of  the  piston  by  a  light  spring  at  the  top- 
Air  enters  at  tlie  top  and  flows  down  beneath  the  valve  b  and  into 
the  cavity  above  the  piston  c.     It  then  turns  and  flows  out  to  tbe 
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train-pipe  tlirougb  the  port  shown  by  dotted  lines  lending  iip  to  the 
left.  As  the  pressure  iisea  alx)ve  the  piston  c,  the  latter  is  foreed 
down  conipifssing  the  spring  e  until,  when  a  pressure  oi  70  pounds 
has  been  reached,  the  spring  is  ooniijvessed  to  sncii  an  estent  that 
the  valve  b  is  permitted  to  close  and  thus  cut  off  a  further  supply 
of  air. 

Third.  The  Lap  Potition.  In  this  position  there  is  no  flow 
of  air  whatever  through  the  engineer's  valve.  All  of  the  ports  are 
covered  and  a  lug  on  the  inside  of  the  rim  of  the  rotary  valve  also 
covers  the  equalizing  port,  bo  that  there  is  no  connection  between 
the  brake  valve  reservoir  and  the  ti-ain-pipe. 
In  this  position  the  nmin  reaei-voir.  the  train 
pipe  and  the  brake  valve  reservoir  are  cnt 
off  fnim  one  another  and  are  by  them- 
selves. 

The  point  of  sepuration  between  the 
train-pipe  and  the  brake  valve  j-eservoir,  at 
this  time,  is  the  small  piston  (3)  of  Fig.  7. 
If  the  packing  in  the  piston  were  to  be  per- 
fectly tight  it  would  Ixi  possible  for  all  of 
the  ti-iiin-pipe  pressure  to  leak  away  without 
lowering  that  in  the  bnike  valve  i-eservoir. 
As  a  matter  of  fact,  however,  this  packing  is 
seldoiii,  if  ever,  perfectly  tight  so  that  a  leak  . 
in  the  train  pipe  causes  a  leak  from  the 
brake  valve  reservoir  to  occur  past  the  pist4)n 
(3) .  This  reduces  the  pressure  in  the  i-eser- 
voir,  which  is  indicated  by  the  i>ointer  on 
the  pressure  gauge. 

Fourth.  Sendee  Position.  This  position  is  used  in  order 
to  make  a  gradual  application  of  the  biiikes.  Here  a  groove  o  in 
the  rotary  valve  face  Fig.  10,  connects  the  preliminary  exhaust 
port  shown  in  Fig.  9,  with  the  groove  (;"»)  in  the  seat.  The  pre- 
limiuaiy  exhaust  port  connects  with  the  small  drum  and  the 
groove  (5)  runs  to  the  direct  application  and  exhaust  port,  which, 
in  turn,  leads  out  to  the  atmosphere.  Tliis  makes  a  direct  con- 
nection from  the  small  brake  valve  resei-voir  to  the  ntraosphere 
and  loweis  tlie  pressure  above  the  pifton  (H^.     Previous  to  the 
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placing  of  tlie  engineer's  valve  in  the  service  position  the  pressure 
above  and  below  the  piston  (3)  waa  the  same,  and  it  was  down 
agahist  its  seat.  The  reduction  of  the  pressure  above  allows  tlie 
train  pipe  pressure  to  lift  it.  The  stem  (6)  of  the  piston  (3)  temiin- 
at€8  in  a  valve  which  closes  the  opening  to  the  exhaust.  When  ihe 
piston  rises  tliis  valve  opens  and  the  air  from  the  train-pijie  is  free 
to  flow  out  through  the  exhaust  into  tlie  atmosphere.  This  out- 
flow of  air  will  continue  as  long  as  the  train-pipe  presiure  is  greater 
than  tliat  of  the  small  drum  or  brake  valve  reservoir.  As  soon  as 
the  latter  is  in  excess,  tlie  piston  (3)  is  again  forced  down  and  the 
valve  on  the  stem  (6)  is  seated.  It  will  be  seen  that,  for  a  gradual 
application  of  tlie  bmkes  the  engineer  takes  air  from  the  small 
drum  an<l  not  from  the  train-pipe. 

Fifth.  The  Emergency  PoaiAon. 
The  object  of  the  emergency  position 
ia  to  give  a  very  free  flow  of  the  ti^ii- 
pij>e  air  into  the  atmosphere  and  thus 
•j^et  a  sudden  reduction  of  pressure  in 
Lhe  same.  To  do  this  the  valve  handle 
is  moved  around  so  that  the  lai^  ciivity 
d  Fig.  10.  of  the  rotary  valve  is  directly 
over  the  large  ports  in  tlie  seat  (Fig.  9) 
that  are  marked  "direct  application  arid 
exhaust  port"  and  "direct  application  and 
sujiply  port."  Air  then  pas-ws  direct  from  the  train  pipe  up  through 
the  supply  port,  tnivfrscs  the  cavity  d  (Fig.  10)  of  the  rotary  valve 
and  csca|)e9  out  at  the  exhaust  port  into  the  atmosphere.  In 
this  application  tlie  reduction  of  pressure  in  the  small  reservoir 
plays  nil  part  whatever.  To  make  an  emergency  application  of 
the  lnakoK.  it  is  not  necessary  that  there  should  be  a  heavy  reduc- 
tiini  of  tr:iiit-iHiH!  jin'ssnre.  It  nmst,  however,  be  sudden.  The 
reason  fi)r  this  will  be  fully  explained  in  the  description  of  tlie 
iictioTi  of  the  triplis  valvi.-. 

Ill  order  to  m;itii]uilate  the  brakes  properly  the  engineer's 
valve  must  br  turned  as  follows: 

It  must  lie  held  in  the  full  release  position  for  only  sufficient 
time  to  release  the  brakes  and  not  to  allow  main  reservoir  pressure 
to  accumulate  in  the  train-pipe. 


fig.  11. 
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For  charging  the  auxiliary  reservoirs  and  maintaining  the 
proper  pressure  in  the  train-pipe  tlie  engineer's  valve  should  be  in 
the  running  position. 

After  a  service  application  of  the  brakes,  the  placing  of  the 
valve  on  lap  will  retain  the  brakes  so  set.  With  the  valve  on 
lap  and  the  train-pipe  empty,  ninety  pounds  pressure  will  accumu- 
late in  the  main  reservoir  and  nothing  in  the  train-pipe. 

A  continued  aj^plication  of  the  valve  in  the  service  position 
will  cause  a  full-powered  application  of  the  brakes. 

The  opening  of  the  emergency  ports,  causes  a  sudden  and  full- 
powered  application  of  the  brakes. 

The  Brake  Valve  Re5ervoir  is  made  in  a  manner  similar  to 
that  of  the  main  reservoir  except  that  it  is  smaller.  It  is  10  inches 
in  diameter  and  12  inches  long.  It,  tlierefore,  contains  about  840 
cul)ic  inches  of  air.  The  connection  between  it  and  the  engineer's 
valve  is  made  as  short  as  possible. 

The  Pressure  Qage.  Referring  to  tlie  folded  plate  at  the 
end  of  this  paper,  it  will  be  seen  that  the  pressure  gauge  is  con- 
nected both  to  the  main  reservoir  and  tlie  small  brake  valve  reser- 
voir. This  gauge  (Fig.  11)  is  made  especially  for  this  purpose  and 
carries  two  hands  mounted  on  concentric  pivots.  One  hand  is  red 
and  serves  to  indicate  the  pressure  existing  in  the  main  reservoir. 
The  other  hand  is  black  and  indicates  the  pressure  in  the  train- 
I)ipe.  The  object  of  using  the  two  colors  is  to  avoid  confusion 
and  to  enable  the  engineer  to  ascertain  the  pressures  that  he  is 
carrying  at  a  glance.  While  the  black  hand  is  used  to  indicate  the 
tiain-i)ii)e  it  will  be  remembered  that  it  is  really  connected  with  the 
small  brake  valve  reservoir,  whose  pressure  is  the  same  as  that  of 
the  train-pipe. 

In  following  the  train-pipe  back  from  the  engineer's  valve,  we 
first  come  to  a  stop  cock  by  which  the  passage  may  be  closed. 
This  is  an  ordinary  plug  valve.  Beyond  this  are  the  hose  and  hose 
couplings,  which  serve  to  make  the  connections  between  the  engine 
and  the  cars  of  the  train.  At  each  end  of  each  car  there  is  a  plug 
cock,  known  as  an  angle  cock  by  which  the  tmin-pipe  may  be 
closed.  The  construction  and  uses  of  these  parts  will  be  taken  up 
later. 
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The  Triple  Valve.  On  each  car  tlie  train-pipe  is  connected 
by  a  short  hrancli  pipe  to  the  triple  valve.  This  valve  is  called  ,1 
triple  valve  because  it  has  three  things  to  do :  charge  the  auxiliary 
reservoir,  apply  the  brakes  and  release  the  same.  This  valve  is 
made  in  several  different  forms  which  will  be  taken  up  in  suc- 


The  Plain  Triple  ia  illustiatod  in  vertical  section  in  Fig- 12- 
Tliere  are  three  pipe  connections  :  one  each  to  the  auxiliary  reser- 
voir, the  biake  cylinder  and  tlio  train-pipe.  One  one  side  tliere  is 
a  four-way  cock  whose  bundle  may  be  set  in  any  one  of  three 
positions.  When  placed  as  shown  in  the  engraving  ihe  brake  is 
iiutoniiitic.  (living  it  one-eighth  of  a  turn  down  into  the  shut-off 
[Misition  will  cover  all  three  passages  into  the  cock.  This  places 
the  brake  out  of  service.  If  the  handle  is  given  a  quarter  tarn,  it 
will  be  seen  that  the  passage  now  connecting  the  bnike  cybnder 
and  the  auxiliary  n^sorvoir,  will  connect  the  brake  cylinder  to  tbe 
train-pi{>o.      In  this  position  the  brake  is  non-automatic  and  is 


THE  AIR  BRAKE.  29 


operated  by  straight  air.  That  is  to  say,  the  method  of  oi^eratioii 
is  to  admit  air  into  the  train-pipe  and  allow  it  to  pass  direct  into 
the  brake  cylinder. 

The  valve  was  used  in  this  way  during  the  transition  period 
when  the  automatic  brake  was  being  introduced. 

When  set  for  automatic  action  the  air  enters  from  the  train- 
pil)e  and  i)asses  down  through  the  passage  into  the  lower  chamber 
(2).  Thence,  it  flows  into  the  cylinder  (3)  beneath  the  piston 
(5)  and  forces  the  latter  into  its  upper  position  as  shown.  On 
one  side  of  the  cylinder  there  is  a  small  leakage  groove  (4) 
through  which  tlie  air  escapes  past  the  piston  and  into  the  valve 
case  (0)  .above.     From  this  point  it  enters  the  auxiliary  reservoir. 

In  applying  the  brakes  the  engineer  makes  a  reduction  in  the 
ti*ain-pipe  pressure.  This  lowers  the  pressure  in  the  cylinder  (3) 
beneath  the  piston  (5).  The  air  in  the  auxiliary  reservoir  then 
forces  the  piston  down  until  it  strikes  against  the  stem  (7) 
situated  ])eneath  it.  As  the  piston  moves  it  carries  the  slide  valve 
(8)  with  it.  In  this  slide  valve  there  is  a  side  passage  shown  by 
the  dotted  circle,  which  is  opened  and  closed  by  the  graduating 
valve  (9).  Tliis  graduating  valve  is  attached  to  the  stem  of  the 
piston  (5)  by  a  small  pin  as  shown  by  the  dotted  lines.  The 
valve  (8)  has  some  play  on  the  stem  of  the  piston.  Hence,  when 
the  piston  starts  downward,  it  moves  a  short  distance  and  carries 
the  graduating  valve  away  from  its  seat  before  moving  the  slide 
valve  (8).  When  the  piston  is  down  against  the  stem  (7)  the 
slide  valve  is  moved  so  that  the  i)ort  (10)  in  the  valve  (8)  is 
opposite  the  port  leading  to  the  brake  cylinder.  Air  then  enters 
the  side  opening  of  the  valve  (8)  from  the  auxiliary  reservoir, 
flows  beneath  the  regulating  valve  (9)  and  into  the  brake  cylinder. 
As  soon  as  the  pressure  in  the  auxiliary  reservoir  has  fallen  so 
that  it  is  equal  to  the  train-pipe  pressure,  the  piston  (5)  rises 
slightly  and  closes  the  regulating  valve  (9).  The  brakes  are  then 
applied  with  a  moderate  pressure. 

To  release  the  brakes  the  engineer  admits  air  from  the  main 
reservoir  into  the  train  pipe.  This  raises  the  pressure  in  the 
cylinder  (3)  and  forces  tlu^  piston  (t5)  to  the  upper  limits  of  its 
stroke.  In  this  movement  the  slide  valve  is  carried  to  the  j)osition 
shown  in  the  engra\dng,  in  which  the  port  to  the  brake  cylinder  is 
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connected  with  the  passages  to  the  atmosphere  (11)  through  the 
cavity  shown  beneath  the  slide  valve  (8).  Air  thus  escapes  from 
the  brake  cylinder.  At  the  same  time  the  recharging  of  the 
auxiliary  reservoir  takes  place  through  the  leakage  groove  (4) 
past  the  piston  (5). 

When  an  emergency  application  of  the  brakes  is  fxy  be  made, 
there  must  be  a  sudden  reduction  of  train-pipe  pressure.  This 
causes  the  piston  (5)  to  be  forced  down  so  rapidly  and  violently 
as  to  strike  a  sharp  blow  on  the  stem  (7).  Such  a  blow  com- 
presses the  spring  by  which  the  stem  is  held  in  its  normal  position 
and  thus  permits  of  a  greater  travel  of  the  piston.  This  greater 
travel  is  shared  by  the  slide  valve  (8),  which  is  moved  down  past 
the  opening  to  the  brake  cylinder.  The  air  then  has  a  large  and 
unrestricted  opening  from  the  auxiliary  i-esei'voir  directly  into  the 
brake  cylinder.  As  a  consequence  the  flow  of  air  is  very  rapid 
and  a  full-powered  application  of  the  brakes  takes  place  at  once. 

This  valve  is  efficient  and  serviceable  upon  short  tniins. 
Upon  long  trains,  however,  it  was  found  to  be  too  slow  in  its 
operation.  The  reason  is  that  all  of  the  reduction  of  train-pipe 
pressure  must  take  place  through  the  engineer's  valve.  As  a  con- 
sequence there  is  so  great  a  lapse  of  time  between  the  reduction 
causing  application  on  the  front  and  rear  cars  of  a  long  train,  that 
the  latter  are  subjected  to  exceedingly  violent  shocks.  In  tlie 
tests  made  at  Burlington  in  1886,  with  this  valve  on  a  train  of 
fifty  cars  the  time  elapsing  between  the  application  on  the  engine 
and  the  last  car  was  from  9  to  22  seconds.  This  was  accompanied 
by  "a  fearful  shock  at  the  rear  end,"  due  to  the  last  cai-s  running 
with  an  unchecked  velocity  into  those  in  front.  The  experience 
there  obtained  led  to  the  invention  of  the  Quick  Action  TripU. 
This  valve  is  shown  in  the  running  position  and  in  vertical  section 
in  Fig.  13.  There  are  three  connections  to  the  auxiliary  reservoir, 
the  train  pipe  and  the  brake  cylinder  respectively  as  in  the  plain 
triple.  The  action  and  general  construction  of  the  piston  and 
slide  valve  are  the  same  as  in  the  valve  just  described.  There  is, 
however,  some  variation  in  minor  details.  The  object  of  the 
quick  action  valve  is  to  hasten  the  reduction  of  the  tmin  jnpe 
pressure  and  thus  shorten  the  interval  between  the  application  of 
the  brakes  on  the  first  and  last  cars  of  the  train. 
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111  ordinary  service  applications  there  is  no  difference  in  tlie 
action  of  the  plain  and  the  quick-action  triples.  The  two  valves 
will  work  together  perfectly  in  the  same  train.  It  is  only  in 
cases  of  an  emergency  application  that  the  quick-action  feature 
comes  into  play.  The  pirta  that  have  been  adJed  to  the  plain 
triple  in  forming  the  one  under  consideration  are :  the  dti-diner  (1) 


Fig.   13. 


at  the  train-pipe  connection,  an  additional  port  (2)  in  the  slide  valve 
(3),  the  removal  of  a  corner  of  the  slide  valve  as  shown  in  Fig. 
15,  the  emergency  piston  (4),  the  rubber-seated  valve  (5)  and 
the  train-pipe  check  (6). 

The  strainer  serves  to  keep  particles  of  dust  from  entering 
the  triple  valve  from  the  train  pipe.  Dirt  in  the  triple  is  apt  to 
settle  iu  the  small  leakage  grooves  ^7^  and  (8)  and  thus  check 
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tlie  flow  of  air  to  the  auxiliary  reservoir.     The  action  of  the  valve 
in  an  emergency  application  of  the  brakes  ia  aa  follows; 

It  will  be  noticed  that  there  is  a  liole  (indicated  by  dotted 
lines)  rising  from  the  space  above  the  emergency  piston  (4)  up 
through  the  valve  seat.  When  the  valve  is  in  the  running  posi- 
tion as  in   Fig.  13,  thia  hole  opens  in  the  valve  seat  beneath  the 


Fig.  H. 

cavity  of  the  slide  valve  (3).  But,  when  the  piston  and  slide 
va-va  hava  been  thrown  violently  to  the  left  by  a  sudden  reduc- 
tion of  tniin-]jiin!  prcssuiv,  tin'  port  leading  from  the  regulating 
valve  (10  u|ii>iis  into  tliis  hole  jis  shown  in  Fig.  14.  Air  can  thus 
piu-;s  from  tJie  au.\iliary  reservoir  tliroiigh  the  regulating  valve  to 
the  top  of  tiie  i^inpigciicy  ]>iston  (4).  This  air  then  forces  the 
piston  (4)  down  and  opens  the  rubber  seated  valve  (.^).  The 
air  that  liad   previously  been  contined  in   the  chamber  (10)  then 
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escapes  into  the  brake  cylinder.  This  relieves  the  pressure  on 
top  of  the  valve  (6)  which  is  opened  upward  by  the  train-pipe 
pressure  beneath  it.  The  opening  of  the  valve,  with  the  rubber- 
seated  valve  down,  allows  the  air  in  the  train-pipe  to  escape 
directly  into  the  brake  cylinder,  thus  increasing  the  pressure  in 
the  latter,  while  that  in  the  former  is  suddenly  reduced.  The 
triple  valve  is  then  in  the  emergency  position  as  shown  in  Fig.  14. 
It  will  be  seen  from  this  that  each  triple  valve  serves  to  make  a 
sudden  reduction  of  pressure  on  its  own  car.  This  reduction  is 
thus  passed  along  from  car  to  car  with  the  result  that  the  interval 
between  the  application  of  the  brakes  on  the  first  and  last  cars  of 
a  fifty-car  train  has  been  cut  down  to  2j  seconds.  There  is  also 
a  saving  of  air  effected  by  allowing  the  train-pipe  to  exhaust  into 
the  brake  cylinder  instead  of  into  the  atmosphere  through  the 
engineer's  valve. 

The  Driver  Brake  Triple  is  a  modified  form  of  the  plain 
triple.  The  difference  lies  m 
the  fact  that  there  is  no  four 
way  cock  by  which  it  can  be 
converted  to  a  straight  air  bnke 
and  in  the  proportioning  of 
some  of  the  parts.  In  opei-u 
tion  and  in  all  essential  paiticu 
lars  the  two  valves  are  identical 

The  Brake  Cylinder.  All  of  the  mechanisms  heretofore  de- 
scribed are  tor  the  purpose  of  producing  and  releasing  the  pressure 
in  the  brake  cylinder.  This  cylinder  is  shown  in  section  in  Fig. 
16,  with  the  triple  valve  attached.  The  cylinder  is  made  of  cast- 
iron  with  heads  bolted  to  each  end.  In  it  there  is  a  piston  into 
which  the  piston  rod  (2),  or  as  it  is  commonly  called,  the  puth 
rod  is  fastened.  To  the  outer  end  of  this  push  rod  a  casting  is 
fastened.  The  jaw  in  this  casting  serves  as  a  point  of  attachment 
for  the  levers  of  the  brake  rigging  which  will  be  described  later. 
The  piston  is  of  cast  iron  and  is  packed  by  a  leather  cup  packing 
(3)  which  is  held  out  against  the  wall  of  the  cylinder  by  the 
packing  expander  (4').  The  latter  is  merely  a  split  ring  of 
circular  section  that  is  sprung  into  position  beneath  the  leather. 
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The  leather  is  held  in  position  by  a  follower-plate  (5)  which  is 
bolted  to  the  piston  by  tap  bolts. 

When  the  brakes  are  to  be  applied  air  flows  from  the  triple 
valve  into  tlie  back  end  of  the  cylinder  and  forces  tlie  piston  to 
the  right,  compressing  the  spring  (1).  When  the  air  pressure  is 
released,  the  spring  foi-ces  the  piston  back  to  the  left  and  dia^ 
the  brake  levers  with  it. 

In  Fig.  IG,  the  brake  cylinder  used  in  passenger  service  is 
illustrated.  Here  the  auxihary  reservoir  is  made  of  steel  plates 
riveted  in  a  cylindrical  form  aa  in  the  case  of  the  main  reservoir. 
A  variation  is  made  in  the  construction  of  the  apparatus  osed  in 
freight  sei^vice.      Fig.  17  illustrates   the  freight  ear  equiptnent 


ng.  18. 

In  this  the  auxiliary  reservoir  is  made  of  cast  iron.  The  triple 
valve,  tlie  auxiliary  reservoir  and  the  brake  cylinder  are  alt  bolted 
together.  Instead  of  bolting  the  triple  valve  to  the  brake  cylin- 
der it  is  bolted  to  the  auxiliary  reservoir.  Tlie  connection  be- 
tween the  triple  valve  and  the  brake  cylinder  is  made  by  means 
of  a  pi]M!  (1)  running  through  the  ausiliaiy  reservoir.  There  is 
no  connection  between  the  brake  cylinder  and  the  reservoir  except 
through  the  triple  valve  as  already  explained.  The  piston  of  tin' 
freight  brake  cylinder  is  the  same  as  that  of  the  passenger  cylin- 
der. There  is,  however,  a  difference  in  the  push  rods.  In  the 
freight  cylinder  this  is  a  piece  of  pipe  into  which  a  rod  connected 
to  the  levers  projects.     This  rod  has  a  bearing  at  the  iimer  end  of 
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the  pipe,  directly  against  the  piston.  The  triple  valves  are 
essentially  the  same.  The  freight  equipment  is  the  more  compact 
of  the  two. 

Attachments.     Tliere  are  a  number  of  parts  connected  with 
the  air  brake  apparatus  that  need  attention.     These  are  the  angle 


Fig.  17. 

cocks,  hose,  hose    couplings,  dummy  couplings,   drip    cups   and 
conductor's  valve. 

Ans^le  Cocks  are  merely  plug  cocks  such  as  shown  in  Fig.  18 
with  one  connection  turned  down  for  the  attachment  of  the  hose. 
The  horizontal   connection  leads  to  the  train-pipe.     One  angle 


Fig.  18. 

cock  is  placed  at  each  end  of  each  car.  When  the  train  is  con- 
nected all  of  the  angle  cocks  are  opened  with  the  exception  of  the 
rear  cock  on  the  last  car.  This  is  kept  closed  in  order  to  close 
the  train-pipe  and  prevent  tlie  air  from  blowing  away. 

Brake  Hose  is  made  of  layers  of  strong  duck  and  rubber. 
The  standard  used  has  an  inside  diameter  of  1^  inches  and  is  22 
inches  long.     Such  a  length  of  hose  is  shown  in  Fig.  19,  with  its 
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nipple  and  coupler  attached.  The  nipple  Fig.  20  is  threaded  at 
one  end  to  screw  into  tlie  angle  cock.  The  other  end  is  forced 
into  the  hose  and  then  held  in  position  by  clamping  the  hose  band 
Fig.  21  over  it. 


Fig.  19. 


The  Hose  Couplins  is  shown  connected  to  the  liose  in  Fig.  19. 
It  is  a  malleable  iron  connection  that  is  pressed  into  the  hose  and 
held  in  tlie  same  manner  as  the  nipple  already  described.  The 
connection  between  two  pieces  of  hose  is  made  by  laying  the  two 
faces  a  of  the  couplings  together  and  then  turning  them  so  tlii*t 
th<*  luir  ''  of  each  slips  beneath  the  lip  c  of  the  other. 
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Fig.  22. 
The  Cut-Out  Cock,  (Fig.  22)  like  the 
angle  cock  is  an  ordinary  plug  valve.  It  is 
pliiced  in  the  bi-anch  pipe  tliat  leads  off  from  the  train-pipe  to 
the  tri])lc  viilve  on  each  car.  Its  object  is  to  render  inoperative 
the  bralvfs  on  the  car  to  which  it  is  attached.  This  is  sometimes 
necessary  on  account  of  a  defectivi'  triple  valve  or  other  cause. 
It  tlius  becomes  jxjssiblc  to  cut  out  the  car  containing  the  defec- 
tive partis  while  tiic  train-pijie  .sLill  remains  open  to  carry  the  air 
back  for  operating  tlie  cai-s  liehiiid  it. 

Car  Drain  Cup  is  shown  in  section  in  Fig.  23.     It  is  placed 
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in  the  train-pipe  and  presents  an  unobstructed  flow  to  the  air. 
The  cyhndrical  mesh  extending  through  it  serves  to  catch  any 
dust  or  dirt  that  may  liave  found  its  way  into  the  train-pii>e. 
The  triple  valve  is  thus  protected. 

The  Dummy  CouplinE  (Fig-  24)  is  a  blank  coupling  attached 
to  the  end  of  the  car  body.  It  is  used  to  hold  the  disengaged  end 
of  a  hose  at  the  rear  of  a  train. 

The  Conductor's  Valve  is  a  simple  plug  valve  connected  with 
the  train-pipe.  In  ordinary  conditions  it  is  closed.  It  is  only 
opened  iu  cases  of  emergency  when  it  becnmea  necessary  to  apply 
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the    brake   from    some  car  on  the  train.      By  i 
opening  it  the  air  is  allowed  to  escape  from  the  ' 
train-pipe  and  an  emergency  application  of  the 
brakes  is  made. 

The   Pressure  Retaining  Valve  (Fig.  25)  '"'«  ^*- 

is  an  important  attachment  and  is  very  extensively  used  upon  freight 
cars  and  upon  passenger  equipment  of  mountain  roads.  Its  duty  is 
to  retain  ii  pressure  of  fifteeo  pounds  in  the  brake  cylinder  after  the 
brdkes  have  been  applied.  It  consists  of  a  plug  cock  of  which 
the  plug  forms  a  three-way  cock.  It  is  connected  by  means  of  a 
|-inch  pipe  with  the  exhaust  part  of  tlie  triple  valve.  When  it 
is  not  in  use  the  air  can  escape  fiom  the  triple  and  pass  out 
through  the  side  opening  shown  by  a  dotted  circle  back  of  the 
plug.  When  in  use  this  hole  is  closed  and  the  escaping  air  must 
pass  beneath  the  weighted  valve  (1).  The  weight  (2)  is  ot  such 
a  size  that  it  requires  a  pressure  of  more  than  fifteen  pounds  per 
square  inch  to  lift  it.  Hence,  after  the  brakes  have  once  been 
applied,  the  engineer  cannot  release  them  entirely.  When  he 
puts  the  handle  of  the  engineer's  valve  into  the  release  position, 
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the  air  lifts  the  valve  and  .escapes  until  its  pressme  has  bem  r^ 
dueed  to  15  pounds.  Tlie  valve  then  closes  and  tb*-  sb^es  are 
applied  with  that  pressure.  It  is  then  possible  for  tLe  JAxilauT 
reservoirs  to  be  recharged  wliile  the  brakes  are  applied  vidi  iha 
moderate  pressure.  The  pi*essure-retaining  valve  i>  QsaftUr 
placed  near  the  brake  standard  on  freight  cars  or  under  the  bonnet 
on  passenger  cars.  The  place  chosen  is  usually  inaco^sifak  sd 
that  trainmen  or  others  may  be  prevented  from  tamperii^  vitb  it 
when  it  is  in  use.     It  serves  to  liold  trains  on  down  grades  and 

allow  the  engineer  to  replenish  ltt$ 
reservoirs  while  still  retaining  oontrol 
of  the  train. 

Defective  Mechanism.  Like  other 
pieces  of  machinery,  each  part  of  the 
air-brake  mechanism  requires  care  and 
attention,  in  order  that  it  may  be  kept 
in  good  working  order.  Defects  in  the 
mechanism  ai-e  usually  the  result  of 
neglect  or  carelessness. 

Operating  the  Pump.  When  start- 
ing the  i)ump,  it  must  be  done  slowly. 
If  a  full  head  of  steam  is  turned  on 
at  once,  tlie  pump  will  race  and  slam. 
This  is  because  there  is  no  back  i)ressure  of  air  upon  which  the 
steiini  pressure  can  l>e  cushioned.  The  pump  should  be  run  slowly 
until  a  pressure  of  from  thirty  to  foi-ty-five  pounds  has  been  accu- 
mulated in  the  main  reservoir.  Care  must  also  be  taken  that 
the  water  of  condensation  is  entirely  drained  out  of  the  steam 
cylinder  before  starting  at  full  speed. 

The  pump  does  not  need  a  great  amount  of  lubrication.  Some 
pumps  have  been  run  without  any  for  a  number  of  years,  and,  at 
the  same  time,  been  kept  in  good  condition.  As  clean  machinery 
woi'ks  more  successfully  than  dirty,  it  is  necessary  to  keep 
the  pumps  clean.  This  work  may  l)e  done  by  working  a  hot  solu- 
tion of  lye  and  water  through  the  air  cylinders,  having  first  dis- 
connected the  deliver)^  pipe,  so  that  it  will  not  pass  into  the  main 
reservoir. 


Fig.  2: 
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ITie  oil  suited  for  use  on  an  air  pump  is  West  Virginia  oil, 
or  one  that  will  not  dry  and  form  gum. 

If  the  valves  stick  and  do  not  open  easily,  they  can  frequently 
be  started  by  tapping  the  cases  with  a  hammer.  If  the  air  valves 
do  not  open  promptly  at  the  beginning,  and  then  remain  open 
until  the  end  of  tlie  stroke,  it  is  a  sign  that  the  piston  packing  is 
leaking.  Leaky  packing  may,  therefore,  be  detected  by  listening 
at  the  suction  inlet.  If  the  suction  draws  throughout  the  whole 
stroke,  the  packing  is  all  right,  otherwise  it  will  be  found  in  a 
leaky  condition. 

If  the  pump  pounds,  it  may  be  due  to  any  one  of  a  variety  of 
causes.  Anything  that  will  allow  the  piston  to  strike  the  pump 
head  will  cause  pounding.  A  common  cause  is  the  upsetting  of 
the  reversing  valve  stem  or  plate,  by  the  incessant  striking  to 
which  it  is  subjected.  Tight  valves  that  move  with  difficulty 
will,  by  springing  the  rod,  cause  pounding.  It  may  also  be  due 
to  an  excessive  lift  of  the  air  valves.  Frequently,  it  is  easily 
accounted  for  by  some  obvious  defect.  At  other  times,  It  is  only 
revealed  by  a  careful  inspection. 

Heating  is  a  source  of  trouble  with  air  pumps.  In  stiitionary 
compressors,  the  air  cylinders  are  surrounded  by  a  jacket  of  cold 
water.  This  keeps  tlie  cylinder  cool.  No  such  arrangement  is 
possible  on  an  air-brake  pump.  Ilenco,  when  a  pump  is  run  con- 
tinuously for  a  long  time,  it  is  certain  to  become  heateJ  by  the 
heat  generated  in  the  comj^ression  of  the  air.  When  a  pump  has 
become  hot,  it  should  be  stopped  and  allowed  to  cool.  This  cool- 
ing may  be  hastened  by  pouring  cold  water  over  it.  Never  pour 
water  over  a  i)ump  that  is  in  motion.  The  variation  in  the  con- 
traction will  be  sure  to  bind  the  piston  and  cause  it  to  stick  or  cut. 

If  a  pump  does  not  run  for  its  full  stroke,  the  trouble  will 
usually  be  found  to  lie  in  the  reversing  valve  or  stem. 

As  the  pump  is  the  life  of  the  air-brake  system,  it  is  usually 
located  on  the  right-hand  side  of  the  engine,  directly  in  front  of 
the  engineer,  so  that  any  trouble  will  be  quickly  noticed.  Some- 
times the  necessities  of  the  case  require  that  it  shall  be  located 
elsewhere. 

The  pump  governor  is  designed  to  limit  the  pressure  in  the 
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main  reservoir  to  ninety  pounds  per  square  inch.  One  of  the  cliief 
sources  of  trouble  with  the  governor  is  the  accumulation  of  dirt 
about  the  diaphragm  valve  (6  of  Fig.  6).  Tliis  may  produce 
either  one  of  two  opposite  effects.     If  the  dirt  accumulates  so 


Fig.   16. 

that  there  is  a  constant  leak  lieiieath  the  valve,  the  pres.'^ure  in 
the  piston  Ciivity  (T)  will  stop  the  pump  too  soon.  If  tlie  dirt 
accumulates  so  tliat  the  diaphragm  is  sliglitly  rjiised  without  a 
leakage  occurring  piist  tlie  valve,  tlie  pump  will  run  too  long  and 
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thus  raise  the  pressure  in  the  main  reservoir  above  what  it  ought 
to  be. 

Leakages  are  the  source  of  more  trouble  with  the  air  brake 
than  any  other  one  cause.  There  are  innumerable  points  at  which 
this  may  occur.  It  occurs  most  frequently  in  the  train-pipe.  A 
leakage  at  some  point  in  the  train-pipe  is  readily  detected  by  the 
falling  of  the  black  pointer  of  the  gauge.  If  the  leak  is  a  large 
one,  it  may  be  difficult  or  impossible  to  maintain  a  pressure  in  the 
train-pipe  sufficient  to  operate  the  brakes.  A  slight  leak  may 
have  the  same  result  as  the  making  of  a  slight  service  application 
of  the  brakes.  To  locate  a  leak,  it  will  be  necessarv  to  commence 
at  one  end  of  the  train  and  inspect  all  of  the  parts  until  the  leak 
has  been  found.  Leaks  most  frequently  occur  in  the  hose  and  its 
connections.  When  the  leak  is  in  the  coupling,  it  can  sometimes 
be  checked  or  stopped  by  driving  a  wedge  back  of  the  lug  6,  Fig. 
19.  Tliis  forces  the  faces  a  together  with  a  heavier  pressure  which 
may  stop  the  leak. 

A  leak  is  very  apt  to  occur  in  the  brake  cylinder.  It  is  usu- 
ally due  to  dry  or  badly-worn  packing.  The  danger  of  such  a 
leak  is  that  it  causes  the  brakes  to  come  off  after  having  been 
applied. 

As  the  triple  valve  is  the  automatic  feature  pf  the  brake,  it 
is  sensitive  to  defects  in  all  parts  of  the  apparatus.  Therefore,  it 
is  no  sign  that,  because  it  fails  to  act  properly,  it  is,  in  any  way, 
defective.  The  triple  valve  will  not  work  as  it  should  if  there  is 
a  deficiency  of  pressure  in  the  auxiliary  reservoir ;  if  strainers  are 
too  dirty  to  allow  the  air  to  escape  from  the  train-pipe  side  with 
sufficient  rapidity  to  cause  the  brakes  to  set;  if  there. is  so  much 
moisture  in  the  air  as  to  cause  the  escaping  air  to  freeze  the 
exhaust  shut. 

Trouble,  belonging  to  the  triple  itself,  is  almost  always  due 
to  the  accumulation  of  dirt.  A  blow  from  the  train-pipe  is  usually 
due  to  the  imperfect  seating  of  the  emergency  valve.  The  failure 
of  this  valve  to  seat  is  ordinarily  caused  by  an  accumulation  of 
dirt. 

Sometimes  an  emergency  application  will  take  place  wlien  it 
is  not  wanted.  This  may  be  caused  by  the  graduating  valve  fail- 
ing to  seat  properly ;  by  a  weak  graduating  spring ;  by  a  broken 
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graduating  valve  pin,  or  by  gum  and  dirt  about  the  valve  pi-event- 
ing  it  from  moving  freely,  and  by  the  main  piston  sticking  so  that 
a  considerable  reduction  of  pressure  is  required  to  move  it.  The 
peculiar  feature  of  the  hist  source  of  trouble  is  that,  with  a  light 
reduction  of  pressure,  the  sticking  piston  will  be  the  last  to  move. 
When  it  does  move,  it  starts  violently  and  produces  an  emergency 
application  on  the  car  to  which  it  is  attached.  This  produces  an 
emergency  application  on  all  the  other  cars  of  the  train. 

An  accidentiil  application  of  the  brakes,  while  running,  is 
usually  due  to  a  leak  in  some  part  of  the  train-pipe.  The  same 
cause  may  produce  a  dragging  of  the  brakes  which  cannot  be 
called  an  actual  application. 

It  may  be  set  down  as  an  axiom  that,  if  the  parts  are  well 
cared  for,  the  air  brake  will  always  work  as  it  should. 

In  the  location  of  troubles  with  the  air  brake,  it  will  be  well 
for  the  inspector  to  notice  whether  or  not  the  apparatus  has  been 
properly  erected.  The  piping  should  be  free  from  pockets  where 
moisture  can  accumulate.  Tliose  charged  with  the  maintenance 
of  the  apparatus  should  see  to  it  that  all  parts  are  regularly 
drained.  Especial  care  should  be  taken  to  keep  the  main  reservoir 
free  from  water.  An  accumulation  of  water  at  this  point  will  \ye 
sure  to  be  a  soifrce  of  trouble  with  the  triples  at  the  front  end  of 
the  train.     This  holds  good  with  especial  force  in  cold  weather. 

New  York  Engineer's  Valve.  The  New  York  Air  Brake 
Company  uses  an  engineer's  valve  that  is  radically  different  from 
the  Westinghouse,  which  has  already  been  described.  Tlie  peculiar 
feature  of  this  valve  is  that  it  has  an  automatic  recjuLition  of  the 
train-pipe  reduction  of  pressure  in  service  applications.  The  vdlve 
is  shown  in  side  elevation  in  Fig.  26.  From  the  lettering  on  this 
engraving,  it  will  be  seen  tliat  the  positions  of  the  handle  corre- 
spond  to  those  of  the  Westinghouse  valve.  That  is,  there  are  the 
release,  running,  lap,  service  (here  called  graduating)  and  emerg- 
enc}'  positions.  It  will  be  noticed  that  there  are  several  .lotches 
in  the  graduating  portion  of  the  quadrant.  The  handle  may  Ik? 
placed  in  any  one  of  these  notches,  and  the  escape  of  air  from  the 
train-pipe  will  be  cut  off  when  the  corresponding  reduction  of 
pressure  has  taken  place. 
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The  operation  of  the  valve  will  be  understood  from  a  study 
t  the  sections,  Figs.  27,  28  and  29.  Air  is  admitted  from  tlie 
iftin  reservoir  directly  into  the  valve  case  (1).  The  main  slide 
ftlve  (2)  is  moved  to  and  fro  by  the  bell  crank  (3)  and  the  con- 
ectioQ  (4).  The  former  being  keyed  to  the  shaft  caiTying  tlie 
mdle.  The  chamber  (5)  ia  connected  with  the  train-pipe. 
Fheti  the  valve  is  in  the  running  position,  as  sliown  in  Fig.  27, 
ir  passes  from  the  valve  case  (1}  through  the  side  passage,  s)iown 
J  dotted  lines  in  Fig.  29,  to  the  space  beneath  the  feed  valve  (6). 


Fig.  27. 


^he  spring  upon  this  valve  is  adjusted  to  close  it  when  a  pressure 
i  seventy  pounds  has  been  reached  in  the  chamber  (7).  From 
hsmber  (7),  there  is  a  cored  passage  (8)  leading  to  a  point  be- 
leath  the  valve  (2),  (see  Fig.  27).  From  («)  the  air  passes 
hrough  the  port  (9)  and  the  cavity  (10)  into  tlie  chamber  (u), 
ad  thence  into  the  train-pipe.  The  chamber  (5)  is  of  circular 
Bcdon,  and  in  it  there  ia  a  piston  (11)>  The  stem  of  this  piston 
1  made  to  operate  a  small  slide  valve  (12).  The  valve  is  moved 
a  the  right  as  the  piston  moves  to  the  left.     The  space  between 
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the  piston  (11)  and  the  cylinder  head  is  connected  to  a  small 
engineer's  Tslve  reservoir,  which  may  be  located  at  any  convenient 
f  point.     This    reservoir   is 

I  subjected  to  train-pipe  prea- 

K  sure.      It  is   filled  by  air 

z  from  t)ie  ti-ain-pipe,   pass- 

HI  ing  through  a  cavity  (1^) 

O  in  the   valve  to   the  hole 

(14).  One  end  of  (14) 
leads  into  the  space  be- 
tween the  piston  (11)  and 
the  cylinder  liead,  and  the 
other  to  the  small  reservoir 
connection  (19). 

To  make  a  service  ap 

CO     plication,  the  handle  (Fig. 

26)  is  moved  to  the  right 

_     £  and  set  in  one  of  the  ctadu- 


I     o 
III 

111  *  Q.    9 


—  gating  notches.    This  moves 
>  ~ 

l-T  CO 

r  uj 


of    the    main  valve. 


until  the  ports   (15)   and 

(16)  are  opened,  respec- 
z  lively,  into  tlie  chaml>ere 
I      (5)  and  (IT).     Chamber 

(17)  opens  directly  into 
tlie  atmosphere.  Air  thus 
esca^ies  from  the  train-pipe 
and  its  pressure  is  reduced. 
As  soon  as  this  occurs,  the 
air  in  the  small  reservoir 
expands  and  pushes  the 
piston  (11)  to  the  left. 
Thisaction  carries  the  valve 
(12)  to  the  right  until  it 
has  covered  the  poit  (15) 

as    this    port    is    covered,  there 


can  l»e    no    further    reduction  of    train-pipe   pressure    until    the 
operating    handle    is    set   in   another   gnduating   notcli    to   tie 
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right.  When  this  is  done,  the  air  in  the  small  reservoir  expands 
until  the  port  (15)  is  again  closed  hy  the  valve  (12).  When  the 
handle  is  on  lap,  all  ports  are  closed  and  there  is  no  feed  into 
the  small  reservoir. 

To  make  an  emergency  application,  the  valve  (2)  i»  moved 
to  the  extreme  right  of 
its  throw.  When  in 
this  position,  air  escapes 
from  the  chamber  (5) 
through  the  ports  (18) 
(Fig.  80),  and  tlie  side 
passages  of  the  valve 
(2),  out  througli  the 
port  (18)  and  into  the 
exhauHt  (17).  When 
in  this  position  the 
movement  of  the  piston 
(11)  has  no  effect  in 
stopping  tlio  escape  of 
air.  The  valve  (12)  is 
between  the  ports  (IS), 
and  does  not  cover  them 
in  its  movement  to  the 
right. 

The  advantage  ac- 
cruing from  the  use  of 
this  valve  is  that  the 
engineer  is  not  obliged 


Fig.  20. 


to  watch  the  pressure  gauge  to  determine  tlie  train-pijie  reduction , 
the  ti-ain-pipe  reduction  is  definitely  fixed  for  each  position  of  the 
handle. 

The  Brake  Rigging.  Up  to  this  point  attention  has  been 
confined  to  the  construction  and  operation  of  that  portion  of  the 
brake  apparatus  upon  which  the  air  works  direct.  It  is  now  neces- 
sary to  take  up  the  system  of  rods  and  levers  by  which  the  power 
is  carried  from  the  brake  cylinder  to  the  shoes  that  press  against 
the  wheels.  In  order  to  make  this  portion  of  the  meelianism  as 
uniform   as  possible,  the   Master  Car  Builders'  Association  has 
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adopted  standard  methods  of  doing  the  work.  A  diagramatie 
sketch  of  these  standards  is  shown  in  Fig.  82.  Four  methods  are 
required.  Referring  to  diagmm  A,  it  will  be  seen  that  the  first 
application  of  the  power  comes  from  the  cylinder  a,  wherein  the 
air  pushes  out  the  push  rod  6.  The  outer  end  of  this  push  rod  is 
attached  to  a  floating  lever  c,  known  as  the  cylinder  lever.     There 


TO  GOVERNOR 


Fig.  81. 

are  three  other  connections  to  this  lever.     At  one  end  there  is  a 

connection  rf,  leading  to  the  hand-brake  staff.     Between  the  pusli- 

FACE  OF  SIDE  VALVE         rod  i  and  the  other  end  of  the  lever 

there  is  a  connection  g,  called  2i  floating 
connecting  rod.  The  outer  end  of  llie 
cylinder  lever  is  fastened  to  a  brake 


3:- ! 
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Fig.  30. 


connection  f^  which  leads  to  the  top  of 
the  live  lever  g  of  the  tinick. 
Going  in  the  other  direction,  the  floating  connection  rod  takes 
hold  of  the  floating  lever  k  which  is  fastened  at  one  end  at  7,  ami, 
at  the  other  end,  takes  hold  of  the  bnike  connection  f\  Beyond 
this  point,  the  connections  are  the  same  at  each  end  of  the  car. 
The  connections  at  the  truck  are  shown  on  a  larger  scfile  in  Figs. 
33  and  34.  Fig.  33  represents  the  arrangement  for  trucks  with 
inside-hung  brakes  and  Fig.  34  for  outside-hung.  The  significa- 
tion of  these  terms  are  that  in  iiiside-hung  brakes  tlie  shoes  are 
between  the  wheels  of  the  truck.  On  outside-hung,  they  are  out- 
side the  wheels.  On  freight  cars,  present  practice  puts  a  gieat 
majority  of  tlie  shoes  between  the  wheels.  On  passenger  cars,  the 
shoes  are  usually  outside  the  wheels. 
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Referring  to  Fig.  32,  the  arrow-head  on  the  lines  of  the  dia- 
gram show  the  direction  in  which  the  power  is  applied.  Thus  the 
air  forces  the  push-rod  I  out  in  the  direction  of  its  arrow-head 
against  the  cylinder  lever  c.  This  motion  moves  d  in  the  direc- 
tion of  its  arrow-head,  and  slakens  the  chain  leading  to  the  brake 
staff.  The  effect  is  to  leave  that  end  of  the  cylinder,  lever  free  as 
though  nothing  were  fastened  to  it.  As  the  lever  c  moves  out,  it 
comes  to  a  bearing  on  the  rod  e,  and  moves  the  latter  in  the  direc- 
tion indicated  by  its  arrow-head.  As  the  parts  to  which  e  is 
attached  come  to  a  bearing,  the  lever  c  turns  and  pulls  upon  f  in 

•                       NJt^O    BRJIMC   AT  OM£  £ND  -*  ., 
^ »     iNSfOe    HUNG                                M                      /* 
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the  direction  indicated  by  its  arrow-head.     The  connection  /  then 
pulls  upon  the  upper  end  of  the  live  lever  g  of  the  truck. 

The  action  at  the  truck  can  best  be  followed  by  referring  to 
Fig.  33.  When  the  upper  end  of  the  lever  g  is  pulled  to  the  right, 
as  indicated  by  the  arrow-head,  it  first  brings  its  shoes  to  a  bearing 
against  the  wheels,  and  then,  turning  about  the  shoe  or  brake- 
beam  connection,  puts  a  compression  stress  on  the  rod  A,  moving 
it  in  the  direction  of  its  arrow-head.  This  motion  of  A  turns  the 
dead  lever  i  about  its  upper  pivotal  point  and  pushes  the  corre- 
sponding shoe  against  its  wheel*  The  upper  end  of  the  dead  lever 
•  la  pivoted  to  a  fixed  point. 
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The  pall  on  the  connection  e  (Fig.  32)  tnms  the  floating 
lever  h  about  the  fixed  pivot  Z,  drawing  the  brake  connection/'  in 
the  direction  of  its  arrow-head.  The  connection  at  the  trucks  is 
the  same  as  that  already  described  in  the  reference  to  Fig.  33. 

If  the  brakes  are  to  be  applied  bj  hand,  the  chain  attached  to 
the  rod  d  is  wound  about  the  brake-stafif.     This  turns  the  cylinder 


Fig.  33 

Jever  e  as  Ix^fore,  and  applies  the  brakes  in  the  same  waj«  Ir 
order  to  avoid  moving  the  brake  cylinder  piston,  when  applying 
the  brakes  by  hand,  the  push-rod  is  not  fastened  to  it.  The  push- 
rod  extends  to  the  lx)ttom  of  the  pipe,  shown  attached  to  the  piston 


Fig.  34. 

in  Fig.  16.     When  the  brakes  are  applied  by  hand,  the  push-rod 
moves  away  from  its  contact  with  the  piston. 

In  C  of  Fig.  32  the  mechanism  is  the  same  as  at  A  in  every 
respect  except  that  the  end  of  the  lever  k  lias  a  bearing  against  a 
Ktop  at  I  which  prevents  that  end  from  being  moved  in  towards 
tlie  center  of  the  car.  This  stop  serves  to  protect  the  connection 
d  from  l>eing  snbjected  to  any  sti'ess,  except  such  as  may  be 
directly  ajjplied  to  it  by  its  own  brake  staff.     When  such  a  puU 
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U  applied  the  end  is  moTed  away  from  the  stop  and  the  brake 
applied  as  already  described.  When  the  brakes  are  hung  outside 
the  wheels  the  only  difference  is  that  ^b. 

of  the  truck  connections.'    This  ciin     ^ z         \ —         -^ 

be  most  easily  understood  by  refer- 
ring to  Fig.  84.  The  pull  is  carried 
by  the  rod  /  past  the  centre  of  the 
truck  to  the  live  lever  g.  With  in- 
side-hung brakes  the  live  lever  is 
between  the  truck  center  and  the 
center  of  the  car.  With  outside- 
hung  brakes  the  live  lever  g  is  be- 
tween the  truck  centi-e  and  tlie  end 
of  the  car.  When  the  pull  of  /  is 
communicated  to  the  upper  end  of 
the  lever  (^  the  latter  presses  its  shoes 
against  the  wheels  and  pulls,  with 
its  lower  end  upon  the  tie-rod  h,  as 
indicated  by  the  arrow.  The  pnll  of 
h  is  transmitted  to  the  dead  lever  i. 
The  lever  turns  alnuit  a  fixed  pivot 
at  the  upper  end  and  forces  its  shoe:i 
gainst  the  wheels.  Similar  parts  of 
A,  B,  C  and  D  are  referred  to  by 
similar  Icltei-s.  The  reader  can, 
therefore,  easily  follow  the  lines  of 
pull  and  use  the  description  applying 
to  A  for  assistance. 

Tlie  arrangement  of  levers  de- 
scribed is  the  stAndard  adopted  by 
the  Miister  Car  Builders'  Association. 
A  plan  of  the  arrangement  is  shown 
in  Fig.  35.  Attention  is  called  to 
the  arrangement  of  the  stop  for  the 
floating  lever  k.  W^ 

While  this  system  of  levers  is  the  standard  it  is  not  always 
used.     There  are  some  variations.     One  of  these  for  inside-huug 
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brakes  is  shown  in  Fig.  86.  The  connection  /  extends  beyond 
the  center  of  the  truck  as  in  outside-hung  brakes.  It  takes  hold 
of  the  upper  end  of  the  live  lever  ^  as  in  the  standard.  The 
thrust  rod  extending  between  the  live  and  dead  levers  is  above 
instead  of  below  the  shoes  or  beams.  When  the  pull  of  /  is 
transmitted  to  g  the  latter  turns  on  the  end  of  A  and  applies  its 
shoe.  The  thrust  bar  A  is  then  pushed  against  the  dead  lever  t. 
The  upper  end  of  t  is  attached  to  a  fixed  pivot  as  before.  As  the 
thrust  of  h  is  communicated  to  t  it  turns  about  the  fixed  point  and 
applies  the  brakes  ad  indicated. 

It  will  be  noticed  that  in  all  of  the  arrangements  the  shoes 
are  interfulcrumed.  That  is  to  say,  each  shoe  serves  as  a  fulcrum 
for  all  of  the  rest.     The  result  is  that  no  shoe  exerts  any  real 


Fig.  36. 

bi»king  force  upon  the  wheel  until  all  of  the  othei-s  have  come 
to  a  bearing. 

The  arrangement  of  levers  for  passenger  cars  is  like  that 
shown  in  D  of  Fig.  32.  It  will  be  noticed  that  with  the  outside- 
hung  brakes  the  connection  A  works  under  tension,  whereas  with 
the  inside  it  is  under  compression. 

To  calculate  the  brake  shoe  pi-essure  when  the  force  exerted 
by  the  brake  cylinder  and  the  sizes  of  the  levers  are  known,  is 
a  simple  matter.  Iw  is  done  by  ciilculating  the  leverages  accord- 
ing to  the  rules  laid  down  in  Mechanics. 

In  Figs.  3J  and  38  are  given  the  sizes  of  the  cylinder  and 
live  levers  of  the  system  respectively.  The  floating  lever,  is  of 
the  same  dimensions  as  the  cylinder  lever,  and  the  dead  lever  \& 
)ia  the  same  as  the  live.     Starting  with  the  system  of  levers  shown 
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in  A  of  Fig.  82,  suppose  the  brake  cylinder  to  have  a  diameter 
of  8  inches  and  that  the  piston  is  working  under  a  pressure  of  30 
lbs.  per  square  inch.  In  this  case  we  neglect  the  tension  of  the 
retracting  spring  in  the  cylinder  head  because  it  is  such  a  small 
percentage  of  the  whole.  The  pressure  on  the  push  rod  b  is 
equal  to  the  area  of  the  piston  (50.26  sq.  in.)  multiplied  by  30 
or  1507.8  lbs.     From  the  connection  of  6  to  that  of  e  on  the  lever 
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o 


3 
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Fig.  87. 


c  is  9  inches.     From  the  connection  of  e  to  that  of  ^  is  19  inches. 
Hence  the  pull  on  g  is 

(^^±_^XJ^^  =  2222  +  pounds. 


The  pull  on/ is 


1507.8  X  9 
19 


=  714.2  pounds. 


ig.  38. 


As  the  distance  from  Uie  top  of  the  dead  lever  to  the  shoe  is 
24  inclies  and  from  there  to  the  bottom  is  6  inches  we  have  the 
pressure  on  the  shoes  attached  to  the  live  lever  as 

iri+J>Al^  =  3571  pounds. 

which  must  be  divided  between  two  shoes,  giving  a  shoe  pressure 
of  1785.5  pounds  on  each  wheel. 

The  thrust  on  the  rod  h'  is 


24  X  714.2 


=  2856.8  pounds. 
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The  pieesore  on  tbe  brake  beam  of  the  dead  lever  ia 

(24  +  6)  X  2856.8  ^  3^,,  ^^^ 
24 

or  the  same  as  that  of  the  live  lever. 

It  has  been  ascertained  that  the  pall  on  t  is  2222  pounds. 
As  the  floating  lever  has  the  same  dimensions  as  the  cylinder 
lever,  the  pull  on/'  is 

2222  X  9        ^-.  ^  , 

19  +  9     =  ^^^-^  P^^^ 

The  pressure  on  each  brake  shoe  on  the  car  is  therefore  the  same. 

The  lengths  of  the  several  levers  are  varied  according  to  the 

weight  of  the  cars.     They  should  be  so  proportioned  that  with  a 


6* 

Fig.  80. 

full  powered  application  of  the  brake  the  total  shoe  pressure  should 
be  equal  to  about  70  jHir  cent,  of  the  weight  of  the  car. 

Brake  Slack  Adjuster.  The  object  of  a  brake  slack  adjuster 
is  to  take  up  the  slack  produced  by  the  wearing  of  the  brake-shoes. 
The  stroke  of  the  piston  is  limited.  Should  the  slack  become 
excessive  the  piston  of  the  brake  cylinder  might  travel  out  until 
it  struck  the  back  head,  before  tlie  shoes  would  touch  the  wheels. 
In  order  to  avoid  this  the  slack  must  be  taken  up  or  adjusted  from 
time  to  time. 

One  method  of  doing  this  is  to  move  the  fulcrum  pin  of  the 
dead  If^ver. 

It  is  desirable  that  the  travel  of  the  brake-cylinder  piston 
should  be  ke2)t  as  near  8  inches  as  ]^)ossible.  If  it  is  more  than 
this,  a  small  amount  of  extra  wear  of  the  shoes  would  allow  the 
piston  to  strike  the  head.  When  it  is  less  the  shoes  are  apt  to  be 
too  near  the  wheels.  The  taking  up  of  the  slack  automatically  is 
done  by  an  adjuster  known  as  the  McKee.  It  is  illustrated  in 
Figs.  89  and  40.     The  mechanism  is  very  simple. 
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A  reference  to  Figs.  32  and  35  will  show  that  the  floating 
lever  turns  on  a  fixed  fulcrum  back  of  the  brake  cylinder.  It  is 
evident  then,  that,  if  this  fixed  pivot  is  moved  out  from  the 
cylinder,  the  brake  connections  will  be  drawn  toward  the  center 
of  the  car.  This  slack  adjuster  does  it.  A  pipe  is  tapped  into 
the  brake  cylinder  at  a  point  that  will  be  uncovered  when  the 
piston  shall  have  traveled  8  inches.  Air  then  passes  out  through 
this  pipe  (1)  and  enters  the  back  end  of  the  adjuster  cylinder  (2). 
The  piston  of  this  cylinder  is  then  forced  against  a  spring  and  the 
arm  (3)  turned  so  as  to  drag  the  pawl  (4)  over  one  or  more  of 
the  teeth  of  the  ratchet  wheel  (6).     Tlie  ratchet  wheel  (6)  is 


Fig.  40. 

screwed  on  a  stem  (6),  whose  jaw  forms  the  fulcrum  of  the  float- 
ing  lever  (7).  When  the  brakes  are  relaxed  the  piston  of  the 
brake  cylinder  moves  back  and  uncovers  the  opening  into  the  pipe 
(1).  The  air  in  the  adjuster  cylinder  (2)  then  escapes  into  the 
atmosphere.  Then  the  spring,  which  had  been  compressed,  forces 
the  adjuster  piston  back  into  position  and  turns  the  arm  (3). 
The  pawl  (4)  then  engages  in  the  ratchet  and  turns  it.  The 
thread  on  the  ratchet  thus  draws  out  the  stem  (6)  and  moves 
tlie  floating  lever  as  desired. 

The  adjuster  is  also  used  to  shorten  the  cylinder  and  floating 
lever  connection  (8).     This  has  the  same  effect  on  the  shoes. 
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Driviof  Wheel  Brakes.     Brakes  are  applied  to  the  driTing 

vheela  of  a  locomotive  in  two  ways.  Que  Is  the  cam  type  iliua- 
trated  by  Fig  11.  In  this  there  is  a  cylinder  bolted  to  the  fr^me 
.  between  the  drivers.  When  air  is  admitted  to  the  top  of  this 
cylinder  its  piston  is  forced  down.  This,  in  turn,  pushes  down 
the  crosshead  and  cams.  As  the  latter  come  down  they  force  the 
shoes  apart  and  against  the  wheels. 

The  other  system  is  the  outside  equalized  pressure  driring 


Fig.  41. 


brake,  illustrated  by  Fig.  42.  Tlie  cylinder  is  usually  bolted  to 
the  back  eud  of  the  frame.  When  air  is  admitted  to  the  buck  end 
of  this  cylinder  the  long  end  of  the  lever  (1)  is  pushed  to  the 
riglit.  The  short  lower  end  is,  at  the  same  time,  moved  to  the 
left.  In  this  motion  it  pulls  on  the  connection  (2).  Connection 
(2)  is  fiistened  to  the  center  of  a  floating  lever  (3).  The  outer 
end  of  the  floating  lever  (3)  ls  attached  to  the  brake  shoe  of  the 
rear  driver.  The  inner  end  is  attached  to  the  connection  (4) 
which  leads  to  the  brake  beam  (5). 

Thus  if  there  is  a  pull  of  1,000  pounds  on  the  rod  (2)  there 
vill  be  a  pull  of  500  pounds  on  the  rod  (4)  and  a  pressure  of  500 
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pounds  on  the  back  shoe.  The  rod  (4)  will  put  the  same  pres- 
sure on  the  front  shoe. 

When  three  or  more  paii-a  of  iliivers  ai-e  to  be  braked  the 
equalization  of  brakeahoe  pressure  is  effected  by  an  adjustment  of 
the  points  of  connection  of  the  pull  rods  on  the  floating  lovers. 

Thus,  in  Fig.  43  a  diagram  is  given  of  the  arrangement  for 
four  paire  of  drivers.     Tlie  rod  A  takes  hold  of  the  rear  floating 


Fig.  42. 

lever  at  the  point  J  which  id  three  times  as  far  from  c  as  it  is  from 
a.  Hence,  if  there  is  a  pnll  of  1,000  jionnds  on  A,  tliere  will  be 
a  pnll  of  750  pounds  on  B  and  a  pressure  of  250  pounds  on  the 
shoe  at  c.  The  rod  B  takes  hold  of  the  second  floating  lever  at  i', 
whiah  is  twice  as  far  from  c'  as  from  a'.     Hence,  with  a  pull  of 


750  pounds  on  B  there  is  ii  pnll  of  500  i>ouiiik  on  C  and  a  pres- 
sure of  250  pounds  on  the  shoe  at  c'.  The  rod  C  takes  hold  of 
the  third  floating  lever  at  i",  which  is  mid^vay  between  a'  and  c". 
Hence,  with  a  pull  of  500  pounds  on  C  there  is  a  pressure  of  250 
pounds  on  the  shoe  at  c"  and  a  pnll  of  the  same  amount  on  the 
rod  D.  The  latter  is  communicated  to  the  shoe  ate"' through  the 
brake  beam  at  the  end  of  the  system. 
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The  High-Speed  Brake.  According  to  the  Gulton-Westing- 
house  experiments  in  England  it  T^as  shown  that  the  coefficient  ol 
friction  of  a  brakeshoe  against  the  ^vlieel  is  less  upon  a  rapidly 
than  a  slowly  moving  train.  It  is,  therefore,  possible  to  apply  a 
lieavier  brakeshoe  pressure  when 
the  train  is  moving  rapidly  than 
when  its  speed  has  been  some- 
what checked,  without  skidding  the 
wheeb.  This  is  done  by  means  of 
the  high-speed  brake.  Where  the 
high-speed  brake  is  used  the  train- 
pipe  pressure  is  increased  to  llO' 
pounds  per  square  inch.  By  'Jb's 
device  it  is  possible  to  exert  a 
brake  pressure  of  125  per  cent,  of 
the  weight  on  the  wheels.  This 
pressure  is  only  used  at  the  first 
application.  It  is  gradually  re- 
duced as  the  train  cornea  to  a 
standstill.  The  mechanism  em- 
ployed is  shown  in  section  in  Fig. 
44.  It  is  merely  a  leakage  valve, 
The  essential  features  consist  ol 
n  piston  (1)  wlilcli  is  held  to  the 
upper  end  of  its  stroke  by  a  spnng 
(2).  The  spring  (2)  is  adjusted 
to  this  jtositton  nnder  .i  tension  of 
60  pounds  per  square  inch  of  piston 
Btea  for  i>as8Pnger  cara  and  1)0  pounds  on  engines  and  tenders, 
The  sliile  valve  (3)  is  attached  to  the  piston  stem.  Bnike 
sylinder  pressure  always  has  access  through  the  connection 
(4)  to  the  top  of  the  piston  (1).  When  tliis  pressure  exceeds 
that  at  which  the  spring  is  set,  the  piston  is  deprcsse<l  mid  the 
port  b  in  the  valve  opened  to  the  port  a  in  the  case.  Air  then 
escapes  from  the  brake  cylinder.  Tlie  auxiliary  reservoir  and 
brake  cylinder  jnessures  equalize  at  85  pounds  pressure.  Hence, 
the  first  pressure  of  an  emergency  application  is  85  pounds.  This 
is  gradually  reduced  to  60  pounds  by  the  valve. 
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The  only  yariations  from  the  standard  apparatus  necessitated 
by  the  use  of  the  high-speed  brake  are  as  follows :  The  high-speed 
valve  is  attached  to  the  brake  cylinder  on  each  car ;  the  engineer's 
valve  has  two  feed  valves  attached,  one  adjusted  to  70  pounds 
pressure  and  one  to  100  pounds ;  the  governor  is  of  the  duplex 
type,  one  being  adjusted  to  stop  the  pump  when  a  pressure  of  90 
pounds  has  been  reached  and  the  other  when  110  pounds  has  been 
reached.  One  or  the  other  parts  of  this  duplicate  apparatus  is  cut 
out  according  to  which  is  to  be  used.  This  makes  it  possible  to 
use  the  engine  on  trains  equipped  with  either  the  high-speed  or 
ordinary  brake. 

Train  Inspection.  All  air  brakes  should  be  thoroughly 
inspected  and  tested  before  leaving  a  terminal.  Before  the  engine 
Ls  coupled  to  the  train  the  pipes  in  the  tender  should  be  blown  out 
in  order  to  free  them  from  dust.  The  hose  connections  through- 
out the  whole  length  of  the  train  must  be  made.  All  angle  cocks 
are  to  be  opened  except  the  one  at  the  rear  end  of  the  last  car, 
which  is  to  be  closed.  Connect  the  tender  hose  with  that  of  the 
front  car  and  open  the  angle  cock  at  the  rear  of  the  tender.  The 
engineer  then  moves  the  handle  of  the  engineer's  valve  into  the 
running  position  and  proceeds  to  charge  the  train.  After  the  train 
has  become  charged,  the  engineer  must  be  signalled  to  apply  the 
brakes.  When  the  brakes  have  been  applied  they  must  l)e  exam- 
ined upon  each  car  to  see  that  they  are  properly  applied.  This 
having  been  ascertained,  the  inspector  nmst  signal  the  engineer  to 
release  the  brakes,  using  the  air  signal  from  the  rear  car  upon 
passenger  trains.  He  must  then  again  examine  the  brakes  upon 
each  car  to  note  that  each  is  released.  If  any  defect  is  discovered 
it  must  be  corrected  and  the  testing  of  the  brakes  repeated  until 
they  are  found  to  work  properly  upon  each  car. 

Handling  tlie  Bralces.  Service  Applications.  In  applying 
the  brakes  to  steady  the  train  upon  descending  grades,  or  for 
reducing  the  speed  for  any  purpose,  be  very  careful  not  to  make 
too  great  a  reduction  of  pressure  at  the  outset,  as  the  speed  of  the 
train  will  be  too  quickly  checked.  Apply  the  brakes  lightly  at  a 
sufficient  distance  from  the  stopping  point,  and  increase  the  brak- 
ing force  gradually,  as  may  be  found  necessary,  so  as  to  make  the 
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stop  with   one  application,  or  at  most  two  applications  of  the 
brakes. 

With  freight  trains  which  are  only  partially  equipped  with 
the  air  brake,  great  care  must  be  used  to  apply  the  brakes  with 
only  from  six  to  eight  pounds  reduction,  and  to  allow  the  slack  of 
the  train  to  be  taken  up  before  a  further  application  is  made,  in 
order  to  prevent  shocks,  which  may  be  serious. 

In  making  a  service  stop  with  a  passenger  train,  always 
release  the  brakes  a  short  distance  before  coming  to  a  dead  stop, 
except  on  heavy  grades,  to  prevent  shocks  at  the  instant  of  stop- 
ping. Even  on  moderate  grades  it  is  best  to  do  this  and  then, 
after  releiise,  to  apply  the  brakes  lightly,  to  prevent  the  train 
starting,  so  that,  when  ready  to  start,  the  release  will  take  plact 
quickly.  This  does  not  api)ly  to  freight  trains,  upon  which  the 
brakes  must  not  be  releiised  until  the  train  has  stopped. 

Emergency  Applications.  The  emergency  application  of  the 
brakes  must  not  l>e  used,  except  in  actujil  emergencies. 

Cutting  Out  Brakes.  The  driver  and  tender  bmkes  should 
always  be  used  automatically  at  every  application  of  the  train 
brakes,  unless  d(»feetive,  except  upon  such  grades  as  shall  be 
designated  by  special  instructions.  In  sueli  cases  tlie  driver  brake 
may  be  cut  out  and  used  separately  as  asti-aightair  brake.  When 
it  is  necessary  to  cut  out  either  tlie  driver  or  tender  brake,  on 
account  of  defects,  it  should  be  done  by  turning  the  handle  of  the 
cut-out  cock  and  leaving  the  bleed  cock  open. 

If  it  becomes  necessary  to  cut  out  the  brake  upon  a  car,  while 
upon  the  road,  it  may  be  done  by  closing  the  cut-out  cock  in  the 
branch  pipe.  When  the  brake  hius  been  thus  cut  out  the  cock  in 
the  auxiliary  reservoir  must  be  opened  and  left  open  upon  pas- 
senger eai*s,  or  held  open  until  all  the  air  has  escai>ed  from  the 
reservoir  on  freight  cars. 

Conductor  s  Valve.  When  it  becomes  necessary  to  make  an 
emergency  application  of  tlie  brakes  from  the  cars  of  tlie  train,  the 
conductor's  valve  is  to  be  opened  and  held  open  until  the  train 
comes  to  a  full  stop  and  then  must  be  closed  ag<iin.  This  method 
of  stopping  a  train  is  only  to  be  used  in  cases  of  emergency. 

Burst  Hose.  In  the  event  of  the  bursting  of  a  brake  hose,  it 
is  to  be  rcjdaced  an<l  the  brakes  tested  before  proceeding. 


TOE  WE\V  ^'3'"- 
PUBLIC  UBPvAUY 


AffVOR,  LENOX  AND 
T:iLDtN  FOUNDATIONS 


K 


THE  AIR  BRAKE.  69 


Pressure  Retaining  Valve,  When  this  valve  is  to  be  used, 
the  brakes  upon  the  whole  train  should  be  tested  at  the  top  of  the 
grade.  Then  the  handles  of  all  these  valves  are  to  be  turned  to  a 
horizontal  position.  At  the  foot  of  the  grade  they  are  all  to  be 
turned  downward  again.    • 

Double  Headers.  When  two  or  more  engines  are  coupled  in 
the  same  train,  the  brakes  must  be  connected  through  to  and 
operated  from  the  front  engine.  In  order  that  this  may  be  done 
it  is  customary  to  place  a  cock  in  the  pipe  just  below  the  engineer's 
valve.  This  cock  is  to  be  closed  on  all  of  the  engines  except  the 
one  in  front.  The  engineer's  valves  on  all  of  these  engines  are  then 
to  be  placed  in  the  running  position  and  a  pressure  maintained  on 
them  so  as  to  enable  their  engineers  to  assume  control  of  the 
train  if  necessary. 

Detaching  Engine  or  Cars,  First  close  the  angle  cocks  in  the 
train  pipes  at  the  point  of  separation.  Then  part  the  couplings. 
This  should  always  be  done  by  hand.  If  the  brakes  have  l)een 
applied,  the  cocks  are  not  to  be  closed  until  the  engineer  has 
released  the  brakes. 

Couplings  Frozen,  When  couplings  have  become  frozen  they 
should  never  ba  i)ried  apart.  This  will  injure  the  gaskets.  They 
should  be  thawed. 

Train  Breaking  in  Two,  When  a  train  breaks  in  two  the 
emergency  application  of  the  brake  stojw  the  two  sections.  After 
the  train  has  come  to  a  standstill,  first  close  the  train  pi2)e  at  the 
rear  of  the  front  section  and  signal  to  the  engineer  to  release  the 
brakes.  Having  coupled  to  tlie  rear  section  observe  the  rules  for 
the  making  up  of  trains.  After  the  brakes  have  been  released  on 
the  rear  section  the  whole  train  should  be  tested  before  proceeding. 

Miscellaneous  Items,  When  an  engine  is  to  be  coupled  to  a 
train  it  will  be  well  for  the  engineer  to  make  two  or  three  light 
applications  of  the  engine  and  tender  brakes,  before  the  coupling 
is  made.  The  engineer's  valve  should  be  on  lap  when  the  hose  is 
coupled.  The  application  of  the  brakes  reduces  the  auxiliary 
pressure  and  rendei^s  the  engine  and  tender  brakes  less  likely  to 
stick  on  when  the  train  is  being  charged.  This  is  especially  true 
where  some  of  the  brakes  of  the  train  have  been  applied  with  a 
light  auxiliary  pressure. 
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In  applying  brakes  never  make  lesi  than  a  five-pound  reduc- 
tion at  the  fiiBt  application.  Tlie  reason  is  that  there  is  a  leak^e 
groove  cut  in  the  inside  surface  of  the  brake  cylinders.  This 
groove  passes  by  the  piston  when  iti'i  in  the  release  position.  Its 
object  is  to  allow  in>  air  thit  might  leak  into  the  brake  cylinder 
from  the  auxiliary  leservoir  to  cscipe  past  the  piston  without 
setting  the  brakes. 
When  the  brakes  are  to 
be  applied,  if  a  reduction 
of  less  than  five  jmunds 
is  made,  the  brakes  will 
not  be  applied  w  i  th 
sufficient  force  to  move 
the  piston  past  the  leak- 
age groove  and  the  re- 
auitwiU  be  that  tbeywill 
leak  off  at  once.  In 
this  way  air  is  wasted. 

When   n  reduction 

of  25   pounds  lias  been 

1  pj.  made    the   pressures    in 

^-' — '-'  ij  the  bmke  cylinder  iind 

the    auxiliarj'   reservoir 

will  have  beconie  equal- 

ir.ed.     Tlic  ui  a  x  i  m  n  in 

lien  been  obtainetl  and  a  further  reduction  of 

lill  not  increase  it. 

down  long  giMtles  with  brakes  held  on  witli 
,  reuharging  should  be  done  on  eurves  where 
little. 


braking  jtower  Jia; 
tniin-pi]><!  piessnr 
When  riinnii 
the  retaining  val 
the  train  binds  and  at  points  whei-e  the  grade 


It  dues  not  bike  as  much  of  a  reduction  to  get  a  full  applica- 
tion of  ibi!  brakes  when  the  retainei-s  have  been  in  use  as  it  does 
when  tlicy  ar^  (■iit  out. 

Wlien  it  is  not  necessary  to  use  all  of  the  retainers  to  held  a 
train  those  at  the  front  should  1)e  ased.  This  liolds  if  tlie  grade 
is  slmrt.  In  eases  nf  long  grades  it  will  be  well  to  change  the 
retainers  as  tlie  train  jirocccds  using  those  on  every  other  car. 
This  avoids  undue  lii'atiiij  of  (he  wheels. 
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Where  hand  brakes  are  to  be  applied  in  connection  with  the 
air  brake  it  should  be  on  the  cars  immediately  behind  those  that 
are  equipped  with  air. 

An  even  travel  to  all  of  the  brake  pistons  is  very  desirable. 
In  case  of  an  unequal  travel  the  pistons  with  the  long  travel  will 
be  more  easily  released  than  those  with  the  short.  The  reason  \s 
that  the  auxiliary  pressure  has  been  lowered  to  a  greater  extent 
by  the  former;  hence  a  lower  train-pipe  pressure  will  produce 
release. 

The  Signal  System.  Closely  allied  with  the  air  brake  is  the 
signal  system.  This  latter  is  used  to  operate  signals  from  the 
conductor  to  the  engineer.  It  takes  the  place  of  the  bell-cord  and 
gong.  Like  the  air  brake  it  requires  that  a  train-pipe  shall  run 
the  whole  length  of  the  train.  It  is  charged  with  air  at  a  pressure 
of  40  pounds  per  square  inch.  The  air  supply  is  drawn  from  the 
main  reservoir.  The  reduction  of  pressure  is  obtained  by  the  use 
of  the  reducing  valve,  Fig.  45.  This  valve  is  similar  in  construc- 
tion to  the  engineer's  feed  valve,  Fig.  8.  The  description  of  the 
oi)eration  of  the  latter  applies  to  this  one.  The  plug  valve  in  the 
upper  left  hand  passageway  is  used  to  cut  off  the  supply  of  air 
from  the  main  reservoir  when  it  bacomes  necessary  to  take  down 
the  parts  of  the  valve  for  inspection  or  repairs. 

Air  from  the  main  resei-voir  enters  the  reducing  valve  at  the 
point  indicated  in  Fig.  45.  The  air  at  thi  reduced  pressure  of 
40  pounds  leaves  the  reducing  valve  and  enters  the  main  signal 
pipe  where  shown.  Near  the  reducing  valve  there  is  a  tee  in  the 
signal  pipe  dividing  it  into  two  branches.  One  branch  leads  back 
to  the  train,  the  other  leads  to  the  signal  valve. 

The  signal  valve  is  shown  in  section  in  Fig.  46.  Air  enters 
from  the  signal  pipe  at  the  point  indicated.  It  passes  through  a 
contracted  port  (1)  into  the  space  above  the  rubber  diaphragm 
(2).  From  this  space  it  goes  through  the  passage  (3)  into  the 
cavity  (4)  beneath  the  stem  (5).  The  lower  portion  of  this  stem 
(6)  is  three-sided  so  that  the  air  can  pass  freely  up  to  where  it 
seems  to  fit  in  the  bushing  (8).  For  a  short  distance  at  the  top 
where  the  stem  is  round  it  fits  loosely  in  the  bushing.  This  loose 
fit  permits  the  air  to  feed  slowly  into  the  large  chamber  (6).  As 
the  reducing  valve  is  set  to  reduce  the  pressure  to  40  pounds,  it 
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will  only  be  a  short  time  after  air  has  been  admitted  before  the 
pressure  on  the  two  aides  of  the  diaphragm  will  be  equalized  at 
40  pounds. 

The  main  signal  pipe  runs  the  whole  length  of  the  train.  In 
this  respect  it  resembles  the  train-pipe  of  the  air  brake.  On  each 
car  there  is  a  discharge  valve,  Fig.  47.  It  is  usually  located  abovy 
the  door  at  the  end  of  the  car.  The  signal  cord  is  attached  to  the 
eye  (1)  of  the  tee-shaped  lever  (2).     The  connection  to  the  signal 


Fig.  46. 


pijiu  is  maile  at  the  point  imlicated.  The  air  is  prevented  from 
escaping  by  tlm  v;ilve  (3).  This  Vitlvc  is  held  to  its  seat  by  the 
air  pressure  and  tlic  spring  (4),  The  lever  ('2)  is  pivoted  at  t!ie 
points  (5)  (5).  If  the  cord  is  pulled  so  as  to  niovo  the  eye  (I) 
in  either  direction,  the  lever  (2)  turns  about  the  opposite  pin  (5) 
and  being  depressed  at  t!ie  center  pushes  tho  valve  down  and 
permits  air  to  escape  through  the  opening  a. 

Returning  to  the  engine  :  there  is  a  small  pipe  leading  from 
the  bottom  of  the  signal  valve,  at  the  point  indicated,  to  a  small 
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vhiatle.     This  whistle  is  placed  in  the  oab  of  the  engine  so  that 
wiien  it  is  sounded  tlie  engineer  will  hear  it. 

To  sound  this  whistle  the  signal  cnnl  is  pulled.  This  opens 
a  discharge  valve  and  starts  a  wave  of  reduced  pressure  through 
the  whistle  line.  When  this  wave  reaches  the  signal  valve  it  is 
first  felt  in  the  small  space  above  the  diaphragm  (2).  As  the 
pressure  in  the  large  chamber  (6)  cannot  equalize  quickly  with 
the  one  above  on  account  of  the  close  fit  of  the  stem  (5),  there 
will,  for  a  moment,  be  a  greater  pressure  below  than  there  is 
above  the  diaphi'agm.  This  excess  of  pressiii-o  force*  the  diapliragm 
up.  In  this  movement  the  diaphragm 
lifts  the  stem  (5).  In  its  normal  posi- 
tion the  stem  (5)  rests  upon  the  socket 
(7).  This  closes  the  opening  from  tlie 
small  space  (4)  to  the  whistle  pipe. 
When  the  stem  (5)  is  raised,  it  opens  this 
passage  and  allows  a  wave  of  increased 
pressure  to  enter  the  whistle  pipe.  This  r 
wave  moves  on  through  tliis  pipe  until  '■ 
it  reaches  the  whistle,  which  it  sounds. 

In    about   two   seconds   the   pres- 
sures on  eitlier  side  of  the  diaphnigm  rj' 
(2)  will  have  equalized  and  the  stem  [XV 
(5)  have  resumed  its  normal  [wsition  ji 
shown  in  the  illustration.  ^K-  *7. 

When  the  whistle  is  to  be  .sounded  tlie  discharge  valve  sliould 
be  held  open  for  about  one  second.  It  should  then  be  closed  for 
two  seconds  after  which  it  may  be  opened  again.  If  the  whistle 
does  not  respond  to  a  pull  of  the  signal  cord,  the  resison  may  be 
that  there  is  a  dirty  strainer  on  the  car  where  the  branch  to  the 
discharge  valve  couples  to  the  main  signal  pipe  ;  the  small  port 
(1)  of  the  signal  valve  may  be  stopped  up;  tliere  may  bo  tyo 
loose  a  fit  of  tlie  stem  (■'>)  in  the  bushing  (S)  ;  the  diaphr<^m  (2) 
may  be  baggy  or  have  a  hole  in  it ;  or  the  bowl  of  the  whistle  may 
be  closed  or  improperly  adjusted. 

If  the  signal  cord  i.s  pulled  a  second  time  without  a  sufficient 
lapse  of  time  between  the  fii'st  and  second  pull  the  whistle  may 
not  respond  to  the,8econ<l  pull. 
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If  dirt  gets  beneath  the  valve  (1)  of  the  reducing  valve  of 
Fig.  45,  it  will  allow  main  reservoir  pressure  to  get  into  the  signal 
line.  When  this  occurs,  the  whistle  will  be  apt  to  sound  when 
brakes  are  released.  The  reason  for  this  is  that  when  brakes  are 
released  the  main  reservoir  pressure  is  slightly  reduced.  This 
permits  a  wave  of  reduced  pressure  to  come  up  to  the  port  (1)  of 
the  signal  valve  and  cause  the  diaphragm  to  rise,  thus  souudiug 
the  whistle. 

The  pressure  in  the  signal  line  can  be  determined  without  the 
use  of  a  special  gauge.  First  stop  the  pump,  then  open  tlie  bleei- 
ing  cock  on  the  main  reservoir.  As  soon  as  the  pressure  has 
fallen  to  a  little  balow  that  of  the  signal  pipe  the  whistle  will 
sound.  The  pressure  will  then  ba  indicated  by  the  red  hand  of 
the  air  brake  gauge.  The  whistle  is  sounded  because  air  flows 
from  the  signal  2)ipe  iuto  that  leading  to  the  main  reservoir. 

Pressure  may  be  increased  in  the  sigaal  line  by  tightenin<y 
the  sprijig  (2)  beneath  the  piston  of  tlie  reducing  valve.  Fig.  45. 
It  may  ba  lowered  by  slackening  the  spring. 

The  reason  why  the  whistle  will  not  respond  to  a  pull  of  the 
signal  cord  when  tlie  diaphragm  (2)  of  the  signal  valve  is  bas:»'<^v 
is  that  the  expansion  of  the  air  of  the  lower  chamber  (6)  is  taken 
up  by  the  bagginess  and  doas  not  lift  tlie  stem  (5). 

As  in  the  air  brake  all  parts  sliould  be  ke[)t  clean  so  as  lo 
insure  a  certain  aud  efficient  working  of  the  apparatus. 
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As  a  device  for  saving  time  and  distance,  the  motor  vehicle  bids 
fair  to  eclipse  all  others  and  to  prove  itself  one  of  the  greatest  inventions 
of  an  inventive  age.  Its  motor  will,  in  time,  be  built  cheaper  than  a 
horse  can  be  grown,  its  transmission  gear  will  cost  less  than  a  harness, 
while  its  body  need  cost  little,  if  any  more  than  similar  parts  of  horse 
vehicles.  Rapid  as  has  l)een  the  growth,  and  astonishing  as  are  the 
results  shown  to-day  by  this  class  of  vehicles,  it  is  evident  that  this  is 
but  the  beginning  and  that  in  the  verj-  near  future,  a  development  and 
growth  far  beyond  present  conception  is  sure  to  come. 

The  motor  vehicle  is  not  a  new  invention.  It  is  the  father  of  the 
traction  engine  and  of  the  locomotive.  It  is  one  of  the  devices  earliest 
sought  for  but  latest  to  be  {)ra(tically  and  popularly  worked  out;  and 
few  problems  of  greater  severity  have  been  presented  to  engineers. 
Its  need  has  been  felt  everj-where,  for  we  spend  our  lives  exchanging 
what  we  have  for  what  we  desire  and  this  recjuires  transportation.  At 
both  ends  and  often  l>etween  ends  of  the  route  over  which  the  ex- 
change is  made  animal  power  is  use<l  and  here  the  auto  is  nee(le<l  and 
will  be  used  with  great  saving.  Tlic  director  of  the  Tnited  States 
Road  Inquiry  Bureau  says  the  cost  of  moving  tonnage  1250  miles  by 
steamships,  250  miles  by  steam  cars,  or  25  miles  by  electric  cars  is  no 
greater  than  the  cost  of  moving  tonnage  5  miles  by  animal  {X)wer  on 
the  common  roads — a  proportion  of  1  to  5,  1  to  50  and  1  to  250  in 
favor  of  mechanical  transportation  against  the  horse;  and  yet  with 
these  figures  l^efore  them,  capitalists  build  larger  steamships  and  better 
railways  in  an  attempt  to  save  an  additional  slight  percentage  on  these 
already  cheap  methods,  while  the  horse  has  contiiuunl  to  draw  the 
same  old  wagon  at  a  snail's  pace  over  abominable  roads,  simply  be- 
cause heretofore  the  motor  vehicle  has  not  (»oine  into  use. 

On  the  other  hand  while  this  has  been  the  general  condition,  there 

have  always  been  attempts  to  secure  better  results.     Pioneers  have 

exerted  themselves  to  build  mechanical  motors  for  use  on  the  common 
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roads  in  the  faoe  of  the  great  chances  of  failure  and  the  derision  of  the 
world.    To  them  we  owe  the  progress  that  has  been  made. 


HISTORY 


Neariy  three  centuries  ago  a  German  at  Nurembci^  propc  led  to 
drive  vehicles  "2000  paces  an  hour  by  means  of  springs,"  and  .similar 
carriages  were  proposed  by  others.     In  1759  Dr.  Robinson  called  the 
attention  of  Watt  to  the 
possibilities  of  steam  ve- 
hicles.    In  1763  to  1769 
Cugnot,    a    Frenchman, 
designed  and   built  with 
the     assistance    of     the 
piK. ..  cugnors  ste»m  Carriage.  i7«.  p^^^^^      y-^^     Depart- 

ment, a  steam-propelled  gun-carriage  and  in  1797  a  four-passenger 
tricycle  capable  of  four  miles  per  hour.  In  England  a  practical 
result  was  shown  in  178!  by  Murdock  and  in  America  by  Oliver 
Evans  in  1S04.  These  were  mostly  steam  vehicles,  although  gun- 
powder engines  much  resembling  gas  engines  were  among  the 
earliest  proposcil.  f'ompre.'isetl  air  was  also  used,  notably  bv  Mann 
in  1S22  anil  nlhcrs. 

The  fipjit  half  (if  the  lilth  century  was  markeil  by  many  attempts 
at  motor  roiui-locoinotion  an<l  many  vehicles,  particularly  omnibuses 
for  public  hire,  were 
made  and  operated  be- 
tween 1S20  and  1S44 
by  Hancock,  Gurney, 
Church,  Fisher,  James, 
Squire,  Russell  (con- 
stniotor  of  the  tireat 
Fic.3.   Hanccwk's  stefim  rarriaBe,  less.  Eastem  Steamship)  ami 

others.  These  vehicles  were  operated  with  success  on  regular  sched- 
ules over  n'^'ular  routes,  were  nuich  liked  by  travelers  and  were 
cniwded  with  passengers,  and  they  bade  fair  to  inaugurate  the  horse- 
less age  and  bring  in  an  era  of  cheap  transportation. 

Public  o|>inion,  liowever,  was  not  with  these  vehicles.     Horse 
users  and  stage  drivers  were  ven.'  bitter  against  them.     The  Road 
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Trustees  imposed  unjust  and  discriminating  tolls  and  the  ill  feeling 
and  prejudice  finally  resulted  in  restrictive  laws  prohibiting  a  speed 
faster  than  three  or  four  miles  per  hour  and  compelling  a  man  to  pre- 
cede the  vehicle  with  a  red  flag.  The  result  was  that  the  industry 
died  and  did  not  again 
exist  in  England  until  the 
passage  of  the  "Light 
Ix)comotives  Act"  in 
1896,  a  loss  of  more 
than  50  years  and  of 
millions  of  dollars  that 
would  otherwise  have 
gone  to  the  English  na- 
tion.     In    the    meantime  ^*«  '     Fishers  steam  carriage.  1840. 

the  locomotive  was  developed  to  run  on  special  rights  of  way  and 
the  traction  engine  plodded  at  a  snail's  pace  whenever  it  used  the 
highways. 

Occasional  Experiments.  Occasional  inventors  made  experi- 
ments from  time  to  time  in  France,  Germany  and  America,  hut  for  one 
reason  or  another  none  of  these  found  favor  In  ISOO  to  '62  I^noir, 
a  Frenchman,  designed  a  gas  engine  of  the  four  stroke  cycle  type  and 
applied  it  to  a  motor  vehicle.  Ten  years  later  the  elder  Bollee  built 
one  or  more  steam  vehicles  which  received  some  use  on  French  roads. 
About  1S76  Fawcett,  at  Pittsburg,  built  an  omnibus  using  a  Braj^on 
internally  fired  engine  burning  liquid  fuel.  Ten  years  later  Copeland 
in  America  fitted  small,  light  steam  motors  to  bicycles  and  tricycles 
with  some  degree  of  success,  while  Daimler  and  Benz  in  Germany 
alx>ut  the  same  time  applied  gas  engines  of  the  four  cycle  type  suc- 
cessfully to  motor  vehicles. 

The  next  ten  years  marks  the  beginning  of  the  present  motor 
vehicle  industry.  In  Germany,  Daimler  developed  the  small  high 
speed  motor  which  is  admittedly  the  predecessor  of  present  day  prac- 
tice. Benz,  his  countryman,  confined  himself  more  to  the  application 
of  engines  resembling  stationary  engines,  and  while  very  successful,  so 
far  as  quantity  of  vehicles  made  and  service  rendered  is  considered, 
did  not  influence  the  industrj'  as  did  Daimler  whose  inventions  were 
taken  up  in  Prance  about  1892  or  '93.  In  America,  occasionally 
experimenting  since  1886,  the  Durj-ea  Bros,  began  continuous  work 
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on  gasolene  vehicles  in  1891,  which  work  unlike  many  experiments, 
has  been  carried  forth  continually  since.  In  1893  Stui^ss.'of  Chi- 
cago, exhibited  an  electric  vehicle  at  the  Columbian  Exposition. 

In  1894  and  1895  very  successful  road  contests  were  hdd  in 
France  and  attracted  the  attention  of  the  civilized  world.  These  were 
followed  by  several  automo- 
bile events  in  America,  the 
first  of  which  was  the  nmes- 
Herald  contest  at  Chicago. 

Pioneers.  It  is  difficult 
in  a  historical  account,  to 
set  a  proper  value  on  the 
various  experiments  and  at- 
tempts made  in  different 
parts  of  the  world,  for  no  one 

Fls.4.    Five  Horst-P.iwer  Runabout,  KM  Model.  i_    ^    i  - 

can  say  what  bearing  or  in- 
fluciK'f  any  purtlciilar  experiment  may  have  had  on  the  work  ot 
later  builders.  It  is  eminently  proper,  however,  to  give  credit  to 
work  that  has  continued  with  little  or  no  interruption  into  the 
present  jH-ricxl ;  to  work  that  showed  inarke<l  pre-eminence  either  by 
the  results  accomplished  or  by  the  means  and  mechanism  used,  and 


to   work   that   has 


m  any 


way  stamped  itself  upon 
present  practice  to  a  notice- 
able extent.  Ju<lged  by 
these  stand  an  Is  the  pio- 
neers in  the  electric  vehicle 
field  were  Sturgcss,  1S93, 
Morris  &  Salom,  1S94  and 
'0.>,  Woals,  1S95  and  Riker, 
1896.  In  steam  vehicles 
the  work  of  Copeland  (giv- 
pin.  s.  T"-ii  ami  oni'iiiiif  Horse-Power  cn  Considerable  prominence 

I'baeion,  iBu-j  Model,  through  the  Cycle  pubHca- 

tions\wits  followed  itbout  1^90  and  '97  by  the  successful  steam  car- 
riiijjc  of  Whitney,  which  was  tlie  direct  predecessor  of  the  pnxluct 
of  the  Stanley  Bros.,  first  introduced  to  the  public  at  Charles  River 
park,  Boston,  Mass.,  in  the  fall  of  1898.    In  gasolene  vehicles,  the 


AUTOMOBILES 


first  Duryea  finished  in  1892,  and  the  second  one  finished  in  1893, 
both  of  the  single  cylinder  variety,  were  followed  in  1894  by  the 
double  cylinder  carriage  which  won  the  Chicago  Times-Herald 
contest.  The  first  single  cylinder  Haynes  vehicle  was  finished  in 
the  summer  of  1894,  followed  late  in  1895  by  the  second  Haynes,  a 
two  cylinder  vehicle,  the  first  of  the  opposed  cylinder  type.  In  1896 
the  first  Winton  made  its  appearance,  while  in  this  same  year  more 
than  a  dozen  Duryea  vehicles  were  completed  and  the  new  industry 
was  fairly  started  on  its  way. 

Little  Interest.  Progress  was  at  first  slow  both  in  America  and 
England,  although  more  rapid  in  Germany  and  France,  due  to  the  favor- 
able roads,  liberal  laws  and  greater  interest  among  experimenters  and 
capitalists.  In  America,  the  downfall  of  the  bicycle  business  de- 
stroyed much  of  the  financial  confidence  necessary  to  the  development 
of  the  new  industry  and  interest  lagged  until  the  steam  vehicle  shown 
by  the  Stanleys  in  1898,  and  offered  to  the  public  by  many  makers  at  a 
low  price,  began  to  be  put  on  the  market  in  a  large  way  and  extensively 
advertised.  It  met  with  an  enthusiastic  reception,  was  not  protected 
by  patents  and  was  therefore  largely  copied  by  other  makers,  with  the 
result  that  it  seemed  to  have  the  field  to  itself.  The  steam  vehicle,  as 
then  constructed,  however,  fell  from  popularity,  even  more  rapidly 
than  it  attained  it.  The  great  complexity,  the  delicacy  of  the  many 
parts,  the  small  wheels,  the  inadequate  tires,  the  short  wheel  base, 
together  with  many  other  features  of  similar  character,  all  contributed 
to  the  downfall  of  this  promising,  popular  carriage. 

In  the  meantime,  the  electric  vehicle  was  being  exploited  by  large 
capitalists  in  the  large  cities  for  public  service,  and  cab  companies, 
overcapitalized,  sprang  up  in  many  places,  doomed  to  disappointment 
because  of  the  lack  of  experience  and  the  fact  that  their  vehicles  had 
not  been  proved  by  years  of  service  to  be  what  was  needed  for  their 
work.  This  adverse  experience  did  much  toward  holding  back  the 
adoption  of  the  electric  vehicle  by  many  to  whom  it  would  have  been 
of  great  value,  and  hurt  the  business  generally. 

Steady  Qrowth.  Across  the  ocean  Serpollet,  beginning  about 
1886,  had  been  slowly  developing  a  promising  steam  vehicle  while  one 
or  more  experimenters  were  developing  the  electric.  The  gasolene 
vehicle,  pushed  by  many,  made  most  rapid  progress.  In  America  also, 
it  made  progress  conservatively  but  stea<lily.     Fathered  by  mechanics, 
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rather  than  by  capitalists  and  promoters,  it  was  steadily  improved, 
its  defects  and  limitations  were  studied,  it  was  sold  at  a  price  consist- 
ent with  good  quality,  and  although  slow  in  coming  to  its  recognition, 
the  certainty  of  that  recognition  was  made  more  sure  by  the  very 
length  of  the  period  devoted  to  its  development. 

This  slow  growth  gave  opportunity  for  experimentation  and 
brought  into  existence  most  of  the  valuable  features  of  present  day 
autos  as  well  as  some  features  that  will  undoubtedly  be  used  in  future 
years,  although  not  recognized  at  their  true  value  now.  Thus  the 
first  Duryea  vehicles,  finished  in  1892  and  1893,  had  front  axles  fitted 
with  wheel  pivots  or  steering  heads  as  close  to  the  wheels  as  possible, 
and  these  pivots  were  inclined,  so  as  to  strike  the  ground  at  the  bottom 
at  the  point  of  contact  of  the  wheel,  which  arrangement  secures  a 
steering  that  is  practically  irreversible,  that  steers  very  easily  and  per- 
mits running  over  obstructions  with  no  shock  on  the  steering  parts  or 
tendency  to  deviate  from  a  straight  line — facts  which  are  not  yet  fully 
known  by  constructors  and  therefore  not  made  use  of  to  a  large  degree. 
They  employed  a  three  point  rear  frame  with  motor  and  transmission 
mounted  closely  together  upon  it,  double  side-chain  drive  with  balance 
gear  in  the  counter  shaft,  electric  ignition,  spray  carburettor,  motor 
lengthwise  the  body  and  many  other  devices  that  have  since  become 
standard  practice. 

This  period  of  the  historj'  of  the  gasolene  vehicle  was  not  in- 
fluenced by  foreign  practice  and  was  more  truly  American  and  better 
suited  to  the  American  roads  and  conditions  than  many  present-day 
constructions,  although  at  that  time  the  full  importance  of  ample 
power  was  not  recognized,  mechanics  were  untrained,  and  many 
vehicles  were  incapable  and  unreliable. 

Steam  Decadence.  About  the  time  of  the  decadence  of  the  steam 
vehicle  fad,  1901,  two  vehicles  of  particular  importance  began  to  at- 
tract attention, — the  Olds  and  the  Knox.  The  Olds  is  interesting 
because  of  the  distinctive  shape  of  the  boily  which  resembled  a  tobog- 
gan at  its  forward  end,  the  sliape  of  the  springs,  which  were  fastened 
at  one  end  to  the  body  and  at  the  other  to  the  axles,  and  the  generally 
light  and  simple  appearance.  This  vehicle  was  put  out  in  large  num- 
bers at  a  moderate  price,  was  quite  successfully  imitated  by  many 
other  concerns,  and  was  for  a  time  the  representative  American  type, 
and  recognized  as  such  in  many  parts  of  the  world.     The  Knox  equally 
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desen'es  mt-iilioii  l>efjiusc  of  its  system  of  air  cooling,  wliit^h  was  really 
the  only  successful  fonn  for  a  consiiierable  period.  Many  attempts 
liail  been  mu<le  at  air  cooling,  hut  mn.st  of  them  hud  lieen  failures  for 
one  reason  or  another;  hut  Knox,  hy  his  finn  l>elief  in  the  efficiency  of 
thrcnilw!  pins  .screwed  into  the  walls  of  the  cylinder,  iiicludtn^  the 
hea<l  and  valve  cliaml>ers.  demonstrateil  tlie  practicability  of  this 
sysleJii,  and  ollhou^h  stamling  alone,  ufler  others  hu<l  ahuiidoned  air 

^^—Cooliug,  for  all  except  the  smallest  slices,  has  heen  followed  by  a  great 

^^B|^tfiety  of  ver\-  efficient  air  cooling  methods. 


I 

^^^       Foreign  Influence.    Ahn>ad,  the  gasolene  vehicle  was  lurned  out 
I  111  large  niimbors,  and  was  seen,  tried,  admired,  and  piirchaseil  by  the 

vast  number  of  American  tourists,  who,  too  busy  at  home  to  even  look 
ut  an  auto,  became  willing  converts  abroad  and  spent  their  vacations 
enjoying  the  gtXHl  roads  of  Europe  and  the  new  method  of  locomotion 
at  the  same  time.  The  earliest  vehicles  of  Daimler  had  been  fitted 
with  a  motor  underthe  seat,  but  in  order  to  secure  greater  accessibility 
he  ,si)on  transferred  this  to  the  front  of  the  vehicle,  where  it  was  en- 
closed in  a  box,  and  this  prafrtiw  has  prevailed  abroa^l  to  the  present 
day  and  has  l>een  followcil  very  largely  in  .\merica  through  the  in- 
fluence of  the  tourists. 

The  splendid  foreign  roads  with  tlieir  hard  surfaces  and  easy 
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grades  permitted  the  use  of  small  wheels,  of  mechanism  close  to  the 
ground  and  required  so  little  traction  that  no  great  weight  was  needed 
upon  the  driving  wheels;  while  favorable  speed  laws  and  road  con- 
ditions permitted  the  use  of  high  powers  and  the  attainment  of  railroad 
speeds. 

American  Conditions.  In  America,  where  the  majority  of  the 
roads  are  bad,  the  things  demanded  of  a  motor  vehicle  are  considerably 
different,  and  they  are  not  properly  met  by  foreign  designs  so  prevalent 
to-day.  Rough  roads  recjuire  large  wheels,  ample  clearance  under 
the  body,  protection  of  the  mechanism  from  mud  and  dust,  great  weight 
on  the  propelling  wheels,  large  wheels  that  will  roll  over  rough  places 
easily,  a  simple  and  light  mechanism  that  will  stand  the  rough  service 
with  the  minimum  of  repairs.  Many  other  similar  features  are  essen- 
tial to  meet  the  road  conditions  and  also  the  needs  of  a  thoroughly 
practical  people,  rather  than  those  designed  simply  to  serve  as  a  sport 
of  a  leisure  class.  It  seems  evident,  therefore,  that  many  of  the  fea- 
tures first  developed  in  America,  to  meet  American  conditions,  and 
more  or  less  largely  abandoned  in  favor  of  foreign  design,  will  eventu- 
ally become  standard  American  practice,  because  best  suited  to 
American  needs.  Fluctuations  are,  of  course,  apparent  in  the  de- 
velopment of  any  new  industry,  for,  in  their  inexperience,  the  buving 
public  is  apt  to  grasp  at  new  designs  as  the  solution  of  its  diflSculties, 
without  really  knowing  whether  the  new  is  better  or  as  good  as 
the  old,  but  as  a  wider  variety  of  styles  is  seen  in  use,  these  fluctua- 
tions will  become  less  pronounced  until  finally  purchasers  will  have  a 
large  variety  from  which  to  select  and  particular  needs  rather  than  pres- 
ent fad  will  more  lar<]jelv  influence  the  selection. 

Present  Types.  Present-day  autos  can  be  divided  into  a  wide 
number  of  classes  in  addition  to  the  three  general  classes,  electric, 
steam  and  gasolene,  already  considered.  In  electric  vehicles,  there 
is  but  little  variation  except  in  the  shapes  of  the  body,  although  some 
vehicles  are  e(|uippe(l  with  two  motors,  others  with  but  one,  and  bat- 
teries vary  somewhat  in  arrangement,  kind,  and  size,  while  controllers 
and  fittings  exhibit  the  designers'  preferences. 

The  electric  vehicle  is  of  limited  range  and  well  adapted  to  city 
use  for  elderly  people  or  ladies.  Like  the  steamer,  it  seldom  needs 
attention  on  the  road  and  generally  gets  home  if  the  batterie^s  are  not 
exhausted.     The  batteries,  like  the  steam  boiler,  are  the  objectionable 
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feature,  for  they  are  quite  complicated,  heavy,  subject  to  chemical 
change;  also  to  physical  change,  such  as  buckling,  loosening  of  the 
active  matter  from  the  plates  and  leakage,  spilling  or  evaporation  of 
the  electrolyte.  The  density  of  the  electrolyte  needs  watching  to 
secure  best  results,  and  the  batteries  should  always  be  kept  charged. 
Steam  Vehicles.  These  are  considered  well-known  because  they 
employ  steam  engines  and  boilers  and  do  not  ordinarily  use  a  speed 
changing  device.  The  \\'hite  steamer  uses  a  tubular  generator  in 
which  the  water  enters  the  top  and  is  converted  into  superheated 
steam  by  contact  with  the  hot  metal.  No  water  is  carried  in  the  boiler, 


FlR.  7.    WhlM  Tubular 

SO  little  time  is  re<]uireil  to  get  up  steam,  and  an  increasetl  supply  of 
waterismetbyanincreased  fuel  supply,  resulting  in  increased  <[uantity 
of  steam.  With  the  steam  vehicle,  pressure  is  required  to  make  the 
fuel  mix  with  air,  and  the  burner  requires  more  or  less  attention.  The 
piping,  pumps  and  sInfHng  Iwxes  nmst  be  known  to  be  in  good  order, 
and  loss  of  power  is  usually  attributed  to  a  leak  or  to  improper  fuel 
and  water  supply. 

In  the  Stanley  stciinicr,  the  nidlur  is  geared  direct  to  the  rear 
axle,  instead  of  being  coiniectcii  by  chain  u.s  in  must  other  forms.  The 
light  weight  of  the  Stanley  .'iteanier,  and  also  the  Baker  electric  vehicle 
contribute  much  to  the  high  efficiency  shown  by  these  light  carriages. 
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Steam  vehicles  differ  principally  in  the  type  of  boiler,  there  being 
two  general  kinds,  the  fire  tube,  of  which  the  Stanley  is  best  known,  and 
the  flash  or  generator,  of  which  the  ^Vhite  is  the  principal  exponent. 
Burners,  engines  and  their 
arrangement  vary  also. 

Variations.  Since,  how- 
ever, the  majority  of  pres- 
ent day  autos  are  gasolene 
vehicles,  it  will  suffice  to 
describe  in  them,  most  of 
the  details  that  enter  the 
auto  of  to^ay.  Besides 
the  variations  in  the  body, 
such  as  single  or  double 
seat,  folding  seat  or  detach- 
able, open,  with  top  or  en- 
closed, side  or  rear  entrance 
and  many  similar  varia- 
tions, there  are  two  kinds 
of  motors,  two-stroke  cycle 
and  four-stroke  cycle;  two 
varieties  of  cooling,  air  and 
water;  three  locations  of 
the  mechanism,  front,  mid- 
way and  rear;  several  torms  of  transmission,  such  as  belt,  friction, 
chain,  planetary  gear,  sliding  gear,  individual  clutch,  and  many 
variation.s  including  combinations  of  hydraulic  and  electric  systems. 
There  are  two  largely-u.sed  methods  of  ignition,  with  several  ac- 
cepted sources  of  electric  current,  viz.,  the  jump  and  the  contact 
spark;  with  primarj'  batteries,  storage  batteries,  magnetos  and  dyna- 
mos for  supplying  the  electricity.  Since,  however,  there  are  several 
hundred  parts  retpiircil  to  make  up  a  motor  vehicle,  it  seems  l>est  to 
describe  these  parts  under  various  headings  rather  than  attempt  a 
general  description  which  cannot  be  other  than  confusing. 

The  motor  vehicle  is  commonly  considered  as  a  combination  of  a 
motor  and  vehicle  with  such  other  parts  as  are  needed  to  make  the 
combination  operative,  and  in  this  connection  the  motor  is  described 
first.     Since,  however,  vehicle  motors  are  but  modifications^-tm 


Ftg.  R .    Dla^am  n{  Whllv  Steam  Engine. 


AUTOMOmLES 


11 


THE  MOTOR 


li(;hl  am!  uf  liigli  speeil — of  motors  long  used  for  sUtkinarj-  work,  it 
will  not  lie  necessary  to  incliitle  here  so  complete  a  ileatTiptitui  as 
woiilrl  otherwise  \w  the  case,  since  this  inrormation  can  be  obtainetl 
in  text  books  treating  direi'tly  of  the  motor. 

^^^fThc  thef)rv  of  the  gasolene  motor  is  that  a  mixture  of  air  and 

I      gitKolerje  vapor  is  drawn  into  the  cylinder  of  an  engine  and  i^nileii, 

after  whlcli  the  pressure,  <liie  to  the  expansion,  is  caused  to  perfonn 

^trojlc  ill  jiropelling  the  vehicle.     The  e.s.sentia1  parts  are  the  vylinder. 


pluttiti,  rranh  shaft,  fy  wiiecl,  inlrl  and  exhaust  devices,  trptition  ar- 
V'aporizcr,  and  means  of  control,  together  with  important 
ntals,  such  as  lubrication  anil  means  for  cooling,. 
Jpylinder.  The  cylinder  of  the  engine  for  auto  use  is  usually  from 
•  to  six  inches  bore,  with  stroke  sometimes  longer,  sometimes 
sTiorter,  but  i^uite  generally  the  same  as  the  bore.  Cast  iron  is  the  usual 
material  from  which  the  cylinders  are  made,  and  provision  for  cooling, 
sucliasawaterjacket,  is  Usually  cast  integral  with  thecylinder.although 
quite  frequently  affixed  in  ihe  fonn  of  a  sheet  metal  jncket  on  pins 
:  the  cylinder  b  machine<l.     These  cylinders  may  l>e  attached  to 
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the  crank  case  or  formed  with  part  or  all  of  the  crank  case  in  one  piece. 
Each  method  of  construction  has  its  followers  and  each  has  its  ad- 
vantages, according  to  the  design  of  motor,  crank  shaft  and  similar 
parts.  In  motors  of  the  type  first  used  on  DeDion  tricycles,  the  fly- 
wheels were  disks  enclosed  in  the  crank  case  and  forming  the  crank 
sides,  and  since  they  practically  filled  the  crank  case,  it  was  necessaiy 
that  this  be  made  in  separable  halves.  The  separation  was  in  the 
plane  of  the  crank  rotation,  which  permitted  each  half  of  the  case  with 
its  long,  hardened  and  lapped  but  nonadjustable  bearing,  to  be  re- 
moved by  sliding  oflF  opposite  ends  of  the  crank  shaft.  The  cylinder 
was  held  to  this  case  after  the  halves  had  been  brought  together,  bv 
screws  or  bolts.  In  many  instances  the  head  of  the  cylinder  was  held 
against  the  cylinder  end  by  the  same  bolts,  so  that  the  cylinder  was 
actually  clamped  between  the  head  and  the  case.  This  design  em- 
ployed a  cylinder  open  at  each  end,  making  a  quite  simple  casting  and 
facilitating  machining. 

Other  cylinders  are  built  with  a  simple  head  screwed  in  position, 
and  with  the  ports  on  the  sides  of  the  cylinder  instead  of  forming  part 
of  the  head.  Air-cooled  cylinders  are  most  frequently  provided  with 
circular  flanges  spaced  one  to  three  times  their  thickness  apart,  and 
rising  al)ove  the  cylinder  wall  from  two  to  ten  times  their  own  thick- 
ness. In  some  cases  these  flanges  are  of  sheet  metal  of  great  con- 
ductivity, as  copper,  forced  tightly  upon  the  smooth  wall  of  the  cylinder, 
or  they  are  of  smaller  pieces  attached  by  calking,  clamping  or  other 
efTective  fomi  of  contact  in  or  to  the  cvlinder  wall.  It  is  essential  for 
good  results,  that  the  cylinder  should  be  true,  particularly  when  hot, 
for  if  it  is  not  truly  round,  and  practically  parallel  throughout  it> 
length,  the  j)ist()n  rin^^s  will  not  fit,  and  will  not  retain  the  gases  which, 
leaking  past  the  piston,  leave  their  heat  in  the  cylinder  walls,  blow 
away  and  burn  up  the  lubricating  oil,  and  cause  excessive  heating, 
pounding,  loss  of  power,  premature  ignition  and  even  cutting  of  the 
metal  surfaces,  destroying  both  piston  and  cvlinder. 

Valve  Ports.  The  most  common  arrangement  of  the  ports  em- 
ploys a  pocket  or  passage  at  one  side  of  the  cylinder  head  in  which 
the  valves  and  freciuently  the  sparking  parts  are  place<l.  The  ex- 
haust valve  is  the  nearest  the  crank  shaft,  with  its  stem  extending  to- 
ward the  crank  sliaft  where  it  is  conveniently  operate<l  upon  by  the  cam 
on  the  half  time  shaft  which  lifts  the  valve  every  second  revolution, 
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as  is  required  in  a  four  cycle  engine.  The  inlet  valve  is  placed  with 
its  stem  in  the  same  axial  line  but  projecting  in  the  opposite  direction, 
and  is  held  closed  by  a  spring  and  opens  by  the  suction  of  the  piston. 
By  this  arrangement  the  cool  incoming  charge  strikes  the  exhaust 
valve  and  sparker  parts  and  much  reduces  the  temperature.  Burnt 
gases  are  carried  out  of  the  pocket,  leaving  a  fresh  combustible  mix- 
ture therein  which  contributes  to  certain  ignition. 

Recent  designs  have  employed  double  cam  shafts  on  opposite 
sides  of  the  motor  with  valve  pockets  likewise  on  opposite  sides,  the 
inlet  valve  being  mechanically  opened,  and  arranged  the  same  as  the 
exhaust  valve.  These  double  pockets  increase  the  wall  of  the  com- 
pression space  and  therefore  the  loss  of  heat,  and  lessen  the  economy. 

To  avoid  this  increased  wall  surface  of  the  compression  space, 
many  constructors  now  place  the  valves  in  the  head  of  the  cylinder 
with  their  stems  projecting  away  from  the  crank  shaft,  and  operate  the 
valve  by  rocker  arms,  or  place  the  cam  shaft  beyond  the  cylinder  head 
and  drive  it  by  chain  and  sprockets  instead  of  gears. 

Whatever  the  form  of  cylinder  and  fittings,  it  is  essential  that 
there  be  good  compression,  or,  in  other  words,  that  the  contents  of  the 
cylinder  be  not  allowed  to  esca{)e.  To  test  the  compression,  turn  the 
engine  by  hand  until  the  piston  comes  against  the  contained  gases 
as  against  a  strong  spring,  and  judge  by  the  length  of  time  that  this 
resistance  continues  as  to  the  rapidity  of  the  escape.  A  tight  cylinder 
properly  lubricated  ought  to  resist  a  pull  on  the  starting  crank  for  a 
minute  or  more  and  should  require  considerable  effort  to  force  the 
engine  past  the  compression.  The  operator  should  distinguish  be- 
tween high  compression  and  good  compression.  If  the  clearance  at 
the  head  of  the  cylinder  on  the  compression  dead  center  is  small,  the 
engine  is  known  as  '*high  compression"  and  if  turned  quickly,  the 
resistance  will  be  high,  even  though  the  valves  or  piston  rings  may  be 
leaking  and  the  compression  therefore  not  good. 

Faulty  Compression.  If  the  compression  is  faulty  the  escaping 
gas  can  usually  be  heard,  announcing  its  escape  by  hissing.  The 
point  of  escape  must  then  l>e  found  and  will  usually  l)e  at  the  exhaust 
valve,  for  the  inlet  valve,  being  kept  cool  by  the  incoming charge,seldom 
needs  attention.  If  the  passages  can  be  openecl,  a  candle  flame  will, 
by  its  flickering,  indicate  the  leak,  to  remedy  which  the  valve  must  be 
removed  and  ground.  Grinding  a  valve  consists  in  oscillating  it  upon 
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its  seat  until  the  high  spots  are  worn  down,  so  that  the  valve  bearsequal- 
ly  and  fully  all  around,  thus  making  a  tight  joint.  Flour  emery 
mixed  with  oil  is  usually  used,  but  a  tighter  and  smoother  job  may  be 
secure<l  by  finishing  with  powdered  glass  or  sharp  sand  'ike  the  powder 
from  the  water-trough  of  a  common  grindstone. 

If  the  leak  is  around  the  piston  rings,  new  riags  or  newly  fitted 
pistons  may  be  needed.  To  avoid  damage  to  the  piston  or  cylinder, 
the  operator  should  stop  immediately  if  the  engine  b^ins  to  pound, 
smoke,  or  lose  power,  and  he  should  determine  the  cause  of  the  trouble 
before  proceeding.  Ijiok  of  water,  a  broken  belt  on  the  cooling  fan, 
or  lack  of  oil  will  usually  be  found  causing  the  trouble. 

Piston.  The  piston  is  the  moving  part  which  fits  into  the  cylinder 
and  ngainst  which  the  explosive  pressure  is  exerted  by  the  burning 
gases.     Pistons  are  usually  from  one  to  two  times  their  own  diameter 


Cr^nk  Shaft. 


in  length  and  are  provided  with  two  to  four  rings  at  the  head  and 
and  occasionally  with  one  ring  at  their  oj>en  end.  They  are  unlike 
steam  engine  pistons  in  that  the  pressure  is  taken  on  the  head  end  only 
and  that  they  serve  as  cross  heads,  having  the  connecting  nxl.s  attached 
to  wrist  pin^  (itted  generally  al>oiit  midway  tlie  length  of  the  piston. 
This  wrist  pin  ordinarily  passes  through  the  piston  walls,  lugs  or  en- 
largements being  provided  interiorly  therefor.  The  wrist  pin  is 
usually  fixed  in  the  piston  and  the  end  of  the  connecting  rod  has  a 
bearing  thereon,  although  in  some  cases  the  pin  is  fixed  in  the  end  of  a 
rod  and  takes  its  bearing  in  the  piston,  by  which  means  a  larger  bearing 
surface  is  secured,  and  removable  bushings  are  fitted  in  from  the  out- 
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side  of  the  piston,  &s  m  Rambler  autos.  The  head  of  the  piston  is 
quite  commonly  flat,  but  is  frequently  concave  as  in  the  Duryea,  or 
convex  as  in  the  Autocar,  and  these  forms  are  stronger  and  lighter  than 
the  flat  head.  The  interior  of  the  head  is  sometimes  providetl  with 
radiating  webs  or  pins  as  in  the  Frayer-Miller.  The  piston  rings  are 
usually  of  cast  iron  machined  to  a  diameter  larger  than  the  diameter 
of  the  piston  and  then  cut  so  as  to  be  compressed  to  the  cylinder  <Iiam- 
eter,  which  leaves  them  with  a  tendencj'  to  open  and  causes  them  to 
fit  closely  to  the  cylinder  wall.  They  should  be  fitted  carefully  to 
their  grooves  in  the  piston,  and  it  is  particularly  important  that  their 
sides  lie  carefully  fitted  to  the  sides  of  the  groove,  so  as  to  make  a  gas 
tight  joint  and  prevent  the  escape  of  the  gas  under  the  ring.  Two 
rings  are  often  fitteil  in  a  single  groove  with  their  joints  in  <lifferent 
positions,  and  a  third  ring  is  sometimes  placed  underneath,  which  also 
serves  to  dose  the  joint.  Various  joints  are  use<l,  but  a  plain  cut  of  45 
degrees  or  two  peq>endicular  cuts  from  opposite  sides,  eacli  cut  being 
on  oppo.site  sides  of  a  dividing  line,  are  sometimes  use<l,  making  a  lap 
joint  that  is  reganled  as  superior  to  the  <liagonal  joint.  Care  should 
be  taken  in  removing  and  replacing  piston  rings  not  to  spring  them 
harshly,  for  they  will  .seldom  return  to  their  original  shape  if  much 
abused,  and  if  they  do  not  fit  the  cylinder  they  will  not  .ser\'e  their 
purpose  properly. 

Connecting  Rods.    The  connecting  rod  attaches  the  piston  to  the 
crank  shaft,  and  since  auto  engines  are  desired  to  be  compact,  these 
ro<!s  are  1 J  to  .3  times  the  piston  throw.     They  i 
generally  of  I-beam  .section,  so  as  to  resist  the  alter- 
nating stres.ses   to  which   they  are  expo.se<l,  but  are 
fretiuently   of    I'-section,   particularly  in    horiwintid 
engines,  so  that  they  may  catch  oil  and  direct  it  into 
the  bearings  and  thus  assist  in  efficient  lubrication. 
Connecting  rods  are  usually  made  of  forge<!  steel,  but 
steel  castings  and   bronze    castings    are    sometimes 
used.     The  wrist  end   is  very  fretjuently   solid   and  i 


ompact,  these 

I 


forms  this  end  is  pnnided  with  a  lug  at  one  side,  split  and  drawn 
together  for  adjustment  by  a  screw.  Occasionally  a  removable  cap 
is  fitted.  At  the  crank  enrl  the  removable  cap  is  the  more  c:>m- 
mon  construction.     Sometimes  this  cap  is  hinged  at  one  side  and 
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adjusted  by  a  single  screw  at  the  other.     Bushings  of  Babbitt  metal 
are  very  commonly  fitted  at  the  crank  end. 

Crank  Shaft.  The  crank  shaft  is  usually  of  a  high  grade  steel 
and  is  frequently  hardened  and  ground.  Bearings  are  provided  at 
short  distances  apart,  frequently  between  all  cylinders,  and  seldom  if 
ever  farther  apart  than  is  required  to  bring  two  cylinders  as  dose  to- 
gether as  possible.  This  large  amount  of  bearing  surface  contributes 
to  long  life,  and  also  supports  the  crank  and  thus  prevents  danger  of 
damaging  the  bearings  by  strains  or  damaging  the  shaft.  A  wide 
variety  in  shafts  is  found,  depending  upon  the  type  of  engine,  the  num- 
heT  of  cylinders,  the  class  of  bearings,  and  the  objects  of  the  designer. 
Where  ball  bearings  of  the  nonadjustable  type  are  used,  the  crank 


Fig.  12.    Crank  Shaft. 

shaft.s  have  been  built  up  in  short  pieces,  so  as  to  permit  putting  the 
ball  bearing.5  into  position,  Init  this  method  is  not  ver^'  common. 
Shafts  are  fre(|uently  made  hollow,  both  in  the  shaft  proper  and  in  the 
crank  pin,  for  by  so  doing  nearly  one  fourth  the  weight  can  l>e  saved, 
with  little  decrease  in  .strength. 

The  common  method  of  attaching  the  fly-wheel  to  auto  crank 
shafts  is  by  means  of  a  flange  integral  with  the  crank  instead  of  keved 
on,  as  in  most  other  engine  practice.  The  web  of  the  fly-wheel  is  lx)lted 
to  this  flaniije  bv  an  ample  numl>er  of  bolts  to  hold  it  securelv  and  vet 
permit  easy  removal.  The  saving  in  space  lengthwise  of  the  crank 
shaft  makes  this  method  of  particular  value  in  a  vehicle  like  theDursea. 
where  the  width  of  the  bodv  limits  the  lenijth  of  the  shaft  available  for 
the  engine  and  transmi.ssion  gear,  particularly  in  connection  with 
multiple-cylinder  engines.  The  crank  shaft  is  usually  provided  at  one 
end  with  ratchets  for  starting  purposes,  with  a  gear  for  driving  the 
cam  shaft  and  any  other  fittings  such  as  pump  or  magneto,  while  at 
the  other  end  the  flv-wheel  and  the  connections  for  the  transmission 
gear  are  place<l. 
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In  some  cases  the  fly-whee!  is  on  the  end  of  the  crank  shaft  oppo- 
site the  transmission  gear,  but  this  is  not  cansidereti  the  best  practice, 
because,  in  suddenly  setting  a  clutrli,  the  inertia  of  the  fly-wheel  is 
transmitted  through  the  shaft  to  the  transmission  gear,  causing  a  more 
or  less  severe  strain  on  the  shaft  and  requiring  a  stronger  shaft  than 
would  otherwise  be  necessary.  In  two-cylinder  engines  it  is  custom- 
ary to  set  the  two  cranks  of  the  shaft  opposite  each  other,  or  180° 
apart.  Other  arrangements  have  Iieen  used  but  have  not  been  found 
so  satisfactorj'  as  this.  In  three-cylinder  engines,  the  cranks  are  120° 
apart  and  in  four-cylinder  engines  they  are  180°  apart  or  the  same  as  if 
two  two-cylinder  cranks  had  Iwen  joined  end  to  end  with  the  two  outer 
pistons  moving  together  and  the  two  inner  ones  together.  For  six- 
cylinder  engines  the  setting  is  the  same  as  if  two  three-cylinders  had 
been  joined — the  inner,  intermediate  and  outer  pistons  respectively 
moving  together.  Three  bearings  for  a  four-throw  shaft  and  four 
bearings  for  a  six-throw  is  quite  common  practice,  as  is  also  five  and 
seven  Ijearinga  respectively.  A  few  eiijiines  have  cylinders  which 
revolve  around  a  stationary  crank  shaft,  and  in  these  a  single  throw 
shaft  is  usually  used,  tlie 
Adams  -  Farwell  having 
five  connecting  rods  at- 
tached to  the  single 
crank  pin.  A\Tien  the 
engine  "  knocks "  at 
.speed,  whether  hot  or 
coldf^  a  loo.se  connecting 
fimI  or  loo.se  fly-wheel 
should  l>e  looked  for,  lest 
the  .shaft  be  broken  by 
the  constantly  repeated 
blows. 

Fly-Wheel.  The  fly-wheel  of  a  gr,;;  engine  is  a  sDrt  of  necessary 
evil.  Since  in  a  four-cycle  engine  there  are  three  idle  piston  strokes  to 
one  working  stroke,  a  fly-wheel  is  necessary  to  store  up  the  energy  of 
the  one  working  stroke  and  carr\'  the  engine  stemlily  thmngli  the  three 
idle  strokes..  In  a  single-cylinder  engine  this  fly-wheel  mu.st  l>e  of 
considerable  size,  weighing  when  used  with  a  cylinder  of  4^  x  4^ 
imdi      'W       300  pounds.     With  two  cylinders  there  arc  double  the 
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nunilwr  of  explosions  ami  consequently  only  one  idle  stroke  between 
the  working  strokes,  so  the  fly-wheel  can  be  reduced  in  weight  nearly 
one  half.  With  three  cylinders  the  working  strokes  follow  each  other 
with  but  one  sixth  of  a  revolution  intermission  and  a  55-pound  flv- 
wheel.as  used  on  the  Duryea,  after  a  long  experience  with  a  variety  of 
weights,  senes  nicely.  A  three-cylinder  engine  may  be  run  without 
any  fiy-wheel  whatever,  but  this  is  not  consi<lered  practical,  although  a 
25-pound  fly-wheel,  IS  inches  in  diameter,  serves  quite  well  in  a  12 
H.  P.  engine,  for  all  except  ven-  slow  speeds,  at  which  the  separation  of 
impulses  becomes  so  pronounced  that  is  is  disagreeable. 

In  order  that  the  weight  may  be  as  little  as  possible,  the  flv-whed 

is  niiule  <»f  the  largest  practicable  diameter  and  the  weight  is  kept  as 

fully  in  the  rim  as  may  be.     In  many  cases  the  interior  surface  of  the 

fly-wheel    rim  is  used  to 

"^^-ftlra   M  1^  form  the  clutch  surface, 

while  the  magneto  pul- 
ley or  pump  pulley  is 
driven  by  friction  against 
the  outer  surface,  which 
in  some  cases  also  senes 
aw  the  driving  face  for  a 
fiinl)ell.  The  spokes  ar^ 
screw-propeller  .shaped  in 
some  instances,  to  throw 
air  forcooling.  In  others 
the  face  of  the  wheel  is  :i 
plane  and  is  iise<i  for 
a  friction  .Use,  with  the 
edge  of  tinother  disc 
l>earing  against  it,  and 
shif table  to  \ar\'  the 
speed  of  the  driven  <iisc. 
Crank  Case.  In  ii  two-cvcle  engine  the  crank  shaft  is  usually 
cncliLsed  in  a  tiglil  case  arranged  to  hold  pressure  to  the  amount  of  5 
or  ID  ))uuii(i.s  under  ruiniing  conditions,  although  strong- enough  to 
hold  an  explosion  wiiiih  may  sometimes  occur  in  the  iTank  cn,se.  The 
cylinder  is  pnnidcd  willi  ports  uncovered  by  the  piston  at  one  end  of 
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the  stroke,  which  serve  to  exhaust  the  burnt  charge  and  admit  the  new 
charge  from  the  crank  case  into  the  cylinder  proper.  Most  two-cycle 
engines  are  further  provided  with  an  inlet  port  uncovered  at  the  oppo- 
site end  of  the  stroke  to  admit  a  new  charge  from  the  vaporizer  into 
the  crank  case,  where  it  is  compressed  by  the  return,  ready  to  pass  into 
the  working  end  of  the  cylinder  on  the  opening  of  the  transfer  port. 
Some  two-cycle  engines  have  valves,  usually  of  the  poppet  type,  to  pass 
the  unburned  gases,  but  these  are  generally  automatic  and  do  not  add 
much  complication. 

In  the  four-cycle  engine,  the  cylinders  serve  the  double  purpose  of 
containing  the  working  charge  during  one  revolution  of  the  shaft,  and 
the  new  charge  during  the  next  revolution,  thus 
avoiding  the  use  of  the  crank  case  as  a  charge- 
containing  chamber,  but  requiring  two  revolutions 
instead  of  one  per  explosion  as  in  the  two-cycle 
engine. 

Valve  Action.  To  accomplish  this  result  with  a 
single  cylinder,  valves  are  use<l  both  for  inlet  and  ex- 
haust, which  are  operated  ordinarily  by  a  half-time  shaft 
fitted  with  cams  arranged  to  open  their  respective  valves 
during  substantially  one  stroke  of  the  four  strokes 
forming  the  cycle.  The  exhaust  valve  is  opened  about 
20  to  25  degrees  ahead  of  the  crank  shaft  dead  center, 
and  closed  at  the  opposite  dead  center  one  stroke  later. 
The  inlet  valve  immediately  opens,  and  it  closes  at 
the  end  of  the  next  stroke  one  revolution  after  the 
exhaust  valve  opens.  Both  valves  remain  closed  dur- 
ing the  compression  and  working  strokes. 

These  valves  are  variously  placed  according  to  the  ideas  of  the 
designer.  A  common  arrangement  places  them  in  the  head  of  the 
engine  with  stems  projecting  from  the  crank  shaft,  in  which  position 
they  are  usually  opened  by  rocker  arms  and  plungers  actuated  by 
cams  on  the  half-time  shaft  located  in  the  crank  case.  In  a  great  num- 
bei  of  instances  the  cylinder  or  cylinder  head  is  provided  with  a  port 
passage  or  pocket  on  one  side  of  the  cylinder  head  and  the  exhaust 
valve  is  seated  therein  with  its  stem  projecting  toward  the  crank  shaft. 
The  inlet  valve  may  be  similarly  seated  in  a  similar  pocket,  or  in  the 
same  pocket  with  the  stem  projecting  in  the  opposite  direction.     An 


Pig.  15.    Dia- 
gram of 
Valve  Action. 


^  AUTOMOBILES 


advantage  of  having  the  inlet  valve  in  the  same  pocket  is  that  the  in- 
coming charge  cools  the  exhaust  valve  and  also  the  sparking  parts, 
which  are  frequently  located  in  the  same  pocket  entering  through  the 
side  thereof,  or  as  in  the  Duryea,  through  the  exhaust  valve  stem.  It 
IS  evident  that  one  pocket  requires  less  cylinder  wall  than  two  and 
therefore  loses  less  heat  to  the  cooling  system. 

The  size  of  the  valves  depends  much  upon  the  speed  required 
and  should  be  quite  large  if  a  high  speed  is  desired.  Very  satisfaeton- 
practical  results  are  obtained  by  making  the  exhaust  valve  one  third 
the  piston  diameter  and  the  inlet  valve  one  fourth,  although  to  save 
variety  of  parts,  some  designers  use  the  same  size  valves  in  both  in- 
stances, but  do  not  lift  the  inlet  valve  so  high.  Variable  lift  valves  are 
much  in  favor  because  this  prevents  unnecessary  valve  movement  with 
consequent  wear  and  noise.  In  some  cases  this  variable  lift  is  secured 
by  introducing  a  wedge  between  two  parts  of  the  lifting  mechanism, 
and  in  other  cases  by  holding  the  valve  against  more  than  a  limited 
lift  in  response  to  the  suction  of  the  piston,  as  in  the  variable  lift  inlet 
valves  of  the  Duryea. 

Auxiliary  Exhaust.  In  order  to  get  rid  of  the  excess  heat,  and 
relieve  the  regular  exhaust  valve  of  part  of  its  duty,  some  engines  are 
provided  with  an  auxiliary  exhaust, consisting  of  a  port  through  the 
cylinder  wall  uncovered  by  the  piston  at  the  end  of  the  working  stroke, 
as  in  the  Fredonia  and  Franklin  machines.  It  is  considered  advisable 
to  provide  this  port  with  a  check  valve  to  prevent  back  pressure  from 
the  muffler  from  re-entering  and  lessening  or  possibly  igniting  tlie 
new  charge;  although  this  is  probably  not  so  necessary  in  single  or 
double  cylinder  engines.  Many  designers  consider  the  aiixilian'  valve 
as  an  unnecessary  complication,  used  only  where  the  regular  valve  is 
inadequate. 

,  Muffler.  Connected  with  the  exhaust  opening  by  piping  of 
convenient  length,  is  the  muffler,  consisting  usually  of  several  chainl)ers 
generally  cylindrical,  and  having  w^alls  of  sheet  iron.  This  device  has 
usually  several  times  the  capacity  of  the  cylinders,  which  permits  the 
exhaust  gases  to  expand  consideral^ly  and  exposes  them  to  the  cool 
walls,  tlivis  reducing  their  volume  l)y  cooling,  so  that  as  thev  escape 
to  the  atmosphere  they  make  much  less  noise  than  if  pennitted  to 
escape  without  ihe  intervention  of  the  muffler.  Multiple  passiiges  as 
well  as  multiple  chambers  are  usually  provided,  and  the  silencing 
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efTeci  seems  to  be  largely  derived  from  interference  of  the  sound  waves 
and  gaseous  impulses. 

Most  mufflers  offer  some  back  pressure,  but  if  of  sufficient  size, 
and  provided  with  three  to  six  chambers,  the  exhaust  of  the  ordinary 
auto  engine  can  be  silenced  as 

effectually  as  other  noises  about       l\\  -  "-.-r.^jn.-.^^^ 

the  vehicle,  with   so  little  back   /? 

pressure  as  to  not  be  perceptible    f 

in  the  propulsion  of  the  vehicle 

if   a  cut-out  IS  used.     Mufflers       V>r  ■■■        =^^=^- — ~-,  —  ,  —//r 

sometimes     clog    with    soot     and  ^«-^'-    Muffler  and  Cut-Out. 

dust  and  do  not  permit  free  escape  of  the  gases,  particularly  at 
high  speed.  The  large  part  of  the  burnt  charge  remains  in  the 
cylinder  and  prevents  the  entrance  of  a  new  charge,  with  con- 
sequent failure  to  produce  power.  Muffler  explosions  are  due  to 
missed  fires  in  the  cylinders,  which  allow  the  unburned  charge  to  pass 
to  the  muffler,  where  it  is  ignited  by  the  next  exhaust  and  explodes 
quite  noisily,  and  sometimes  to  the  damage  of  the  muffler.  Muffler 
cut-outs  are  often  used  on  hills  or  where  great  power  is  needed,  and 
they  avoid  any  back  pressure  from  the  muffler. 

Vaporizers.  Connected  to  the  inlet  ports  is  the  device  for  mixing 
the  liquid  fuel,  commonly  gasolene,  with  the  proper  proportion  of  air  to 
make  an  explosive  mixture.  Formerly  this  was  done  by  a  device  for 
passing  the  air  through  the  liquid  contained  in  the  tank,  termed  a 
carburettor,  and  while  good  results  were  obtained  therefrom,  it  was 
more  delicate  and  not  so  satisfactory  to  adjust  for  varying  weather 
conditions  as  the  devices  now  used.  Present-day  devices  are  modifica- 
tions of  the  well-known  atomizer  used  for  perfume  and  medicine 
sprays,  and  might  better  be  termed  mixers  or  atomizers  than  carbu- 
rettors. Since,  however,  the  liquid  after  being  sprayed,  is  intended  to 
be  vaporized  before  ignition,  a  common  and  correct  term  for  this  de- 
vice is  vaporizer.  There  are  many  modifications  of  this  device  but  in 
general  it  consists  of  a  small  gasolene  chamber  in  which  the  level  of 
the  liquid  is  controlled  more  or  less  perfectly,  by  a  float,  the  chamber 
being  vented  so  as  to  permit  admission  or  abstraction  of  liquid  without 
establishing  a  compression  or  vacuum. 

From  the  float  chamber  a  small  passage,  usually  controlled  by  a 
needle  valve,  leads  to  the  spraying  tube,  which  is  so  placed  that  the  air 
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drawn  in  by  the  suction  stroke  of  the  engine  must  pass  the  point  of  the 
tul)e,  and  in  passing,  suck  out  and  spray  the  gasolene  in  the  required 
manner.    In  order  to  give  the  air  greater  speed  and  a  more  powerful 


effet't,  it  is  ciistDniary  to  make  the  air  tube  contracted  at  the  p<iint 
where  it  passes  tiie  spray  tube,  although  verj-  satisfactorj"  vaporizers 
have  lieen  produced  without  this  modification.  Since  at  high  speeds 
the  liquid  gasolene  flows  more  than  proportionately  fast  as  comjjareil 


with  the  air,  it  is  fjuitc  common  to  provide  a  light  valve,  spring  closcil. 
to  l)c  opened  liy  the  increased  suction  as  the  speeds  increase  and  to 
admit  air  in  projicr  quantity  to  compensate  for  the  increased  amount 
of  gasolene.     This  valve  in  some  forms  is  actuated  by  a  large  dia- 
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phragm,     as    in    the    Krebs,   and   is   sometimes   provided   with  a 
dash-pot. 

In  some  vaporizers  the  air  and  gasolene  openings  are  varied  by 
the  throttle,  which  is  also  varied  to  control  the  speed  of  the  engine,  and 
since  the  screw  threads,  or  devices  controlling  the  variation,  may  ije 
made  as  desired,  a  fairly  constant  quality  of  mixture  may  be  secured 
from  vaporizers  of  this  type,  subject,  however,  to  the  fault  that  if  the 
throttle  is  open  wide  but  the  engine  running  slowly,  the  adjustment 
inten(]e<l  for  high  speed  will  be  in  operation  at  low  speed,  and  thus  is 
not  so  satisfactory  as  an  automatic  suction-operated  arrangement. 
The  eariy  Kingston  carburettor  was  of  the  throttle-controlled  type. 
In  still  another  type,  of 
which  the  Duryea  is  an 
example,  the  air-flow 
passes  through  an  open- 
ing fi.\e<]  in  size  exc'ept 
for  starting,  but  the  gas- 
olene-flow is  varied  by 
lowering  the  level  in  the 
float  chamber  at  high 
speeds.  This  is  accom- 
plished by  the  use  of  a 
chamber  slightly  larger 
than  the  float,  so  that 
little  or  no  reserve  gas- 
olene is  carried,  and  this  *'K  '*  Automatlo  CorapirnsailnB  canmrtltor. 
is  <lrawn  out  immediately  at  high  speed,  causing  the  float  to  fall 
and  open  the  passage  into  the  float  chamber.  The  float  is  provided 
with  a  long  taper  point  which  requires  a  considerable  movement  of  the 
float,  in  obedience  to  the  considerable  variation  of  the  gasolene  level, 
in  onler  to  supply  the  amount  of  fuel  neede<l  at  high  speed. 

In  still  another  fonn,  invented  by  I)unla]>,  of  pneumatic  tire 
fame,  the  gasolene  pa-ssage  is  inn)eded  by  a  sa\v-tootlie<l  wire,  against 
which  teeth  the  gasolene,  at  speed,  impinges  with  such  violence  as  to 
obstruct  its  flow  and  les.sen  the  amount  passing  from  the  spray  tulie. 
Still  another  fonii  of  mixing  device  does  not  use  the  float  chamlxr, 
but  admits  the  air  and  gasolene  through  proportionate  valves  closed 
by  a  spring  and  opened  by  the  suction  of  the  motor  with  con.se»|uent 
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admission  of  proportionate  amounts  of  liquid  and  air.  The  original 
Winton  and  the  Lunkenheimer  generator  valves  were  of  this  kind. 

Vaporization.  The  vaporization  of  a  liquid  requires  heat,  which, 
in  the  case  of  a  gas  engine  vaporizer,  is  usually  obtained  from  the  air 
with  the  result  that  the  temperature  is  decidedly  lowered  where  the 
vaporization  takes  place,  viz.,  l)etween  the  spray  tube  and  the  engine, 
principally  near  the  spray  tul)e.  Jf  the  atmosphere  contains  much 
moisture,  this  cooling  effect  causes  a  deposit  on  the  walls  of  the  vapo- 
rizer or  its  tubing,  which  is  frefjuently  frozen,  forming  slush  or  white 
fn)st,  sometimes  to  such  a  degree  as  to  actually  close  the  passage  and 
prevent  further  fonnation  of  pn)}HT  mixture,  with  consequent  stoppage 
of  the  engine.  To  prt^vent  this  and  to  insure  a  more  homogeneous 
mixture,  heat  is  usually  supplied  by  drawing  the  air  from  near  some 
heate<l  portion  such  as  the  exhaust  pipe  or  exterior  walls  of  the  cylin- 
der, or  by  applying  heat  to  the  outside  of  the  vaporizer  or  pipes  bv 
directing  some  of  the  exhaust  gases  against  them,  or  by  surrounding 
the  parts  with  wann  water  fnmi  the  water  jacket.  No  method  secures 
absolutely  perfect  results,  for  atmospheric  conditions  vary  so  widelv 
from  (lay  to  day  that  only  constant  readjustment  can  meet  the  varjing 
c^onditions. 

Vaporizer  tn)ubles  are  usually  due  to  improper  adjustment,  the 
mixture  l)eing  either  too  p<K)r  or  too  rich.  If  the  engine  \idll  run,  the 
adjustments  can  bo  varied  and  the  result  noted,  while  over-rich  mix- 
tures will  br  (jiiitc  apparent  by  tlic  odor  of  carl>on  monoxide  in  the 
exhaust.  If  the  cnmnc  will  not  run,  test  the  mixture  in  the  cvlinder 
!>y  removing  a  spark  plug  or  peep  cap  and  applying  a  flame,  l)eing 
careful  not  to  get  fingers  or  face  in  front  of  the  opening.  If  the  mixture 
Inirn-^  i)luisli  with  little  violence,  it  is  too  poor,  but  if  it  bums  vellow 
iind  ^low.  it  is  too  rich.  A  j)ro]K*r  mixture  exphnle^  with  a  violent 
outrush  (»!'  gas. 

Frost  in  the  air  tube  will  so  obstruct  the  passage  a^  to  prevent  the 
entrance  of  a  new  charge  and  pnxlnce  loss  of  power  much  like  a  chokeil 
muffler.  A  little  hot  wat(T  will  (juickly  wann  the  pipe.  Water  or  ice 
in  the  gasolene  will  cause  trouble  luiless  removed.  The  water  fre- 
(jiiently  inaiiiiots  its  presence  on  rough  roads,  and  a  drop  of  water 
in  a  ])assage  which  will  not  obstruct  the  flow — has,  when  frozen, 
conplete^y  shut  (?iV  the  gasolene.     Dirt  particles  also  must  Ik?  guardcnl 
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Excess  Cooling.  Since  the  auto  engine  is  a  keat  engine  it  is 
desirable  that  it  be  as  hot  as  is  permissible,  in  order  that  the  heat  may 
be  utilized  for  work  instead  of  passing  into  cold  walls  and  being 
wasted.  It  is  well  known  that  a  cold  engine  runs  with  little  power  until 
warmed  up,  and  while  part  of  this  lack  of  power  may  be  due  to  the 
stiffness  of  the  lubricating  oil, — since  this  is  intended  to  resist  a  high 
heat  and  must  be  of  high  fire-test  and  of  considerable  body — ^much  of 
the  lack  of  power  is  due  to  the  cooling  effect  of  the  cold  walls,  which 
absorb  the  heat  from  the  burning  explosive  charge  and  reduce  the 
pressure  that,  with  hot  walls,  would  be  expended  in  doing  active  work 
against  the  piston.  Tests  have  been  made  which  show  that  a  very 
perceptible  increase  of  power  results  from  the  use  of  hot  water  for 
cooling  instead  of  cold  water,  and  stationary  engineers  who  have 
permitted  a  flow  of  water  through  the  water  jacket  so  rapid  as  to  kesp 
the  jacket  and  walls  cool  enough  to  not  be  uncomfortable  to  the  hand, 
have  found  a  very  decided  increase  in  power  when  the  water  was  caused 
to  flow  more  slowly  and  leave  the  jacket  substantially  at  the  boiling 
temperature. 

It  is  now  generally  admitted  that  a  temperature  slightly  below 
boiling  is  most  satisfactory  where  water  is  used  for  cooling;  for  if  the 
water  does  not  boil,  no  steam  is  formed,  and  no  parts  in  the  water 
jacket  are  left  without  water,  with  possible  danger  of  overheating. 
These  facts,  now  well-known,  prove  the  theory  that  a  heat  engine 
should  be  run  hot  in  order  to  give  most  efficient  results,  and  it  is  the 
aim  of  designers  to  so  design  their  productions  that  no  parts  shall  be 
over-hot  but  that  all  shall  have  as  high  a  temperature  as  is  permissible. 
The  principal  limitations  are  premature  ignition  and  faulty  lubrication. 

Premature  Ignition  is  objectionable  because  of  the  negative  work 
done  on  the  piston  before  it  passes  the  dead  center,  which  not  only 
results  in  lost  power,  but  usually  in  a  decided  knock  or  pound,  annoy- 
ing to  the  passengers  and  destructive  to  the  bearings.  Since  a  poor 
mixture  ignites  less  easily  than  a  rich  one,  premature  ignition  can  be 
frequently  lessened  and  sometimes  avoided  by  varj^ing  the  quality  of 
the  mixture — a  proceeding  which  also  adds  to  the  economy.  Since 
compression  heats  the  explosive  charge,  nearly  proportionate  to  the 
amount  of  the  compression,  an  engine  designed  to  run  hot  should  have 
a  large  compression  space  with  consequent  low  compression.  The 
increased  economy  of  the  less  rich  mixture  in  conjunction  with  the 
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est  quality,  and  that  cheap  and  dirty  oil  sometimes  sold  as  gas  engine 
oil,  is  not  suited  for  this  work. 

An  oil  suited  to  steam  engines  using  superheated  steam,  will  in 
almost  all  instances,  give  excellent  satisfaction  in  auto  engines.  The 
makers  of  the  vehicle  will  gladly  advise  what  oil  should  be  used  in 
connection  with  their  product,  and  when  a 
good  oil  is  once  found,  it  is  wisdom  to  continue 
its  use.  If  an  oil  is  too  thin  it  does  not  protect 
the  metal  surfaces  properiy  and  does  not  make 
a  good  packing  nor  properly  assist  the  rings  in 
holding  the  pressure.  If  of  too  low  fire-test, 
it  boils  away  as  a  blue  smoke  or  vapor  and 
leaves  the  surfaces  dry,  frec|uently  causing 
them  to  cut,  and  sometimes  ruining  the  cylin- 
der or  stopping  the  motor,  A  sudden  loss  of 
power  without  apparent  cause  may,  with  good 
reason,  be  looked  for  in  the  cylinder,  since 
lack  of  lubrication  makes  a  great  difference  in 
the  friction  of  the  piston,  even  though  the  parts 
are  not  cutting  or  have  not  seized.  An  ex- 
cessively thick  oil  with  needlessly  high  fire-test  has  no  disadvantage 
except  that  being  stiffer  when  cold,  the  engine  is  more  difficult  to 
start.  Such  oils  are  decidedly  more  economical  because  they  wear 
longer  and  need  be  fed  less  rapidly.  Good  auto  oils  usually  have 
fire-tests  ranging  from  600  to  800  degrees. 

If  for  any  reason,  proper  oil  cannot  be  had,  an  oil  of  lower  fire- 
test  can  frequently  be  used,  but  it  must  be  fed  in  larger  quantity  and 
more  carefully  watched  to  make  sure  that  it  is  serving  its  purpose. 

Water  Cooling.  Consideration  of  the  above  facts  will  show  the 
importance  of  proper  cooling,  and  something  of  the  loss  due  to  ex- 
cessive cooling.  In  a  water-cooled  engine,  the  water  being  uncon- 
finetl,  cannot  liecome  hotter  than  212°  and  may,  with  litde  trouble,  be 
kept  nearly  at  this  point,  which  is  admitted  to  be  most  satisfactory,  so 
far  as  present  experience  goes.  Further,  since  water  in  boiling  ab- 
.sorbs  a  great  volume  of  heat,  commonly  termed  latent  heat,  in  its  con- 
version into  steam,  it  is  especially  adapted  to  the  w(irk  of  ctxiling.  An 
increase  of  work  on  the  part  of  the  engine,  with  consequent  increased 
development  of  heat,  simply  increaj^s  the  rate  of  boiling  without  in- 
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creasing  the  temperature  appreciably,  and  thus  avoids  warping  the 
cylinder  wall  or  vaporization  of  the  lubricating  oil. 

A  most  efficient  cooling  system  consists  of  a  tank  or  reservoir  of 
water  above  the  engine,  piped  to  enter  the  water  jacket  on  the  under- 
side and  to  return  from  the  water  jacket  to  the  tank  on  the  upper  side 
of  the  engine,  which  return  carries  off  any  steam  that  may  be  formed  in 
the  water  jacket,  which  steam  being  lighter  than  the  water,  causes 
the  water  with  which  it  is  mixed  to  move  rapidly  upward  out  of  the 
water  jacket  and  to  l>e  replaced  by  cooler  water  from  the  tank.  This 
method  of  circulation  is  known  as  the  natural  or  thermo-syphon 
method,  and  is  preferred  by  many  designers  because  of  its  simplicity. 
'When  it  is  not  convenient  to  use  natural  circulation,  apump,  driven  by 
the  engine,  is  introduced  in  the  circuit  and  forces  the  water  rapidly 
enough  to  nearly  or  <|uite  prevent  boiling  under  extreme  conditions. 
A  forced  circulation,  how- 
ever, is  not  so  good  as  the 
-^  natural  because  it  is  not  self- 

--'     '  r'      ^^       regulating,  and   therefore   if 

uV^^^HM^M^^^^^^^HV  is  fast  enough  to  meet  the 

I   ^^^^^^^^^^^^^^^^H  i       needs         the   engine   under 

S'^^^^^^^^^^^^^^^^Hi  us- 

^^^^^^^^^^^^^^^^H|  too  under  ordinary' 

J     ^^^^^^^^^^^^^^^^11  k  results 

A|   ^^^^^^^^^^^^^^^^11 1  ''^^  temperature 

ri  ^^^^^^^^B^^^^^^^B        much  below  the  boiling  point 
IL  •  rf  and     therefore     below     the 

point  of  greatest  efficiencv. 
1  o  overcome  this  objec- 
tion, some  designers  employ  natural  circulation  between  the  engine 
and  the  small  tank  located  near  and  above  it,  and  employ  a  pump 
with  ra<li;ttor  for  the  purpose  of  preventing  the  water  in  the  tjink 
from  getting  too  hot  to  condense  the  steam  that  may  pass  into  it  from 
the  engine.  This  arrangement  gives  the  benefit  of  both  systems  with 
hut  litdo,  if  any,  increa.sed  complication. 

Since  an  ant<)  engine  of  large  power  develops  much  heat,  a  goodly 
quantity  of  which  ])ii,s,scs  away  through  the  cooling  system,  it  is  quite 
evident  that  the  water  in  the  tank  will  soon  become  boiling  hot  unless 
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provision  is  made  for  cooling  it  by  the  air  through  which  the  vehicle 
passes.  It  was  formerly  quite  common  to  provide  the  tank  with  air 
tubes,  thus  greatly  increasing  the  amount  of  surface  exposed  to  the  air 
and  permitting  a  more  rapid  escape  of  the  heat.  Other  designers  em- 
ploy pipes  either  plain  or  with  radiating  fins,  so  as  to  still  more  largely 
increase  the  radiating  surface  exposed  to  the  air.  Still  others  make 
their  water  tanks  almost  whollv  of  air  tubes,  with  verv  small  water 
spaces  between,  thus  getting  into  a  small  radiator  a  great  many 
square  feet  of  cooling  surface.  In  this  form  of  radiator  it  was  found 
that  the  natural  circulation  of  the  air  is  very  slight  because  of  the  small 
size  of  the  passages,  so  fans  driven  by  the  motor  are  most  frecjuently 
used  to  either  draw  or  force  the  air  through  these  radiators  at  a  rapid 
rate  and  with  great  cooling  effect. 

A  further  advantage  of  the  air-fan  in  connection  with  the  radiator 
is  that  the  cooling  is  not  dependent  upon  the  speeil  of  the  vehicle  nor 
the  force  of  the  wind  but  is  varied  by  the  speed  of  the  motor,  and  there- 
fore more  nearly  meets  the  neeils  of  the  motor  than  any  other  svstem 
excepting  the  natural  system,  first  mentioned.  If  for  example,  as  in 
hill  climbing,  the  motor  is  running  slowly,  but  with  full  charges,  much 
heat  is  developed,  but  the  fan  also  moves  slowly,  with  very  little  cooling 
effect,  whereas  in  the  natural  system,  until  the  water  begins  to  boil, 
the  circulation  is  verj'  slow  and  the  more  rapid  the  boiling,  the  more 
rapid  the  circulation  becomes.  This  results  in  a  truly  thermostatic 
circulation,  regardless  of  motor  or  vehicle  speeils,  due  to  the  difference 
in  density  of  the  cool  water  in  the  radiator  and  the  hot  water  containing 
more  or  less  steam  in  the  jacket  which  is  sufficient  to  meet  the  recjuire- 
ments  of  some  engine  designs.  In  others,  a  pump  to  circulate  the 
water  is  used. 

There  have  been  employed  steam  condensers  in  connection  with 
the  water  jacket  by  which  arrangement  no  water  tank  nor  pump  is 
needed,  because  the  slight  amount  of  water  in  the  jacket  when  turned 
to  steam,  is  condensed  by  the  condenser  and  at  once  returned  to  the 
jacket.  Practically  all  water-coole<l  engines  form  steam  at  some  time, 
which,  not  being  provided  with  suitable  condensing  surface,  escapes 
from  the  system,  thus  requiring  occasional  addition  of  water.  It  is 
considered  advisable  to  have  a  tank  of  water  alwve  the  cylinder 
jacket,  so  that  the  cold  water  may  con<lense  this  steam  an<l  also 
keep  the  cylinder  filled.     This  tank  carries  from  two  to  ten 
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Most  radiators  are  tubular  and  on  the  tubes  are  fitted  and  solder- 
ed disks  of  metal,  which  serve  to  conduct  the  heat  from  the  water  out 
to  the  air,  which,  by  the  passage  of  the  vehicle,  is  thrown  a^'aJn.st  the 
metal  surfaces.  These  flanges  are  formed  in  some  instances  by  crimp- 
ing a  strip  of  metal  along  one  edge  and  winding  it  spirally  around  the 
tube,  the  crimped  edge  being  soldered  to  the  tube.  This  avoids  waste 
of  metal  and  makes  a  very  efficient  radiator.  The  height  of  the  disk 
edges  above  the  tulie  is  usually  }  to  J  an  inch  or  about  10  to  20  times 
the  thickness  of  the  metal,  the  smaller  sizes  being  most  efficient. 

In  some  cases  the  water  tank  is  cooled  by  tubes  jtassing  through 
it,  which  permit  a  flow  of  air.     These  tanks  vaiy  from  those  of  large 
water  capacity,  having  a   half 
dozen  or  more  one-inch  tubes, 
to  tanks  of  small  contents  com- 
pletely filled  with  tul>es,  either 
square  or  round,  A  inch  in  di- 
ameter or  less,  by  3  or  4  inches 
long.     Such  a  device  is  calleil  a 
cellular  or  honeycomb  radiator, 
l)ecause   the  tuljes    suggest   the 
cells  of  a  honeycomb.   This  type 
Fly.  22.   na.iiator  vviti.  sj.ir.ii  fianKes.         **f  raiHatof  coiitain.s  a  ver\-  iarj;e 
cooliiifi  surface,  divides  the  wa- 
ter   into    thin    sheets   and  is  quite  efficieni,  but  it  is  e.\|>eiisive  lo 
make,  has    niiiiiy    joints    likely  to  leak,  and  die  fine  passages  are 
easily  dugged,  on  which  accounts,  the  tubular  form  is  now  generally 
preferred.     Tlic    tulics    may   be   coiitiiiuons,  causing  the  water  to 
travel  the  wIkiIc  length,  but  later  ftmns  use  a  numl>er  of  tul>es  con- 
nwted   at   their  eiuls  by  heads  or  top  and  liottom  tanks,  am!  the 
water  flowing  from  one  end  to  the  other,  is  divided,  so  that  a  small 
portion  only  flows  at  slow  speed  through  each  tube.     This  arrange- 
ment relieves  the  piiitip  of  much  of  its  <!uty. 

Air  Cooling.  Siiice  in  any  event  the  heat  is  dissipated  intu  the 
air,  it  is  argued  by  many  that  air  cooling  is  the  most  logical  fonn,  ami 
many  attenqits  have  been  made  to  pn)duce  successful  air  cooleil 
motors.  The  total  beat  in  the  biiniiiig  charge  varies  as  the  cuW  of 
the  i-ylinder  dimensions,  whereas  the  wall  surface  varies  only  as  the 
square;  so  it  bus  been  assumed  bymany  that  large  engines  areofneces- 
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sity  more  difficult  to  cool  than  small  ones,  and  that  air  cooling,  while 
applicable  to  small  powers,  is  not  suitable  for  larger  ones.  Others 
maintain,  while  admitting  the  above  statement  as  to  the  total  amount 
of  heat,  that  the  heat  received  by  the  wall  from  the  gases  in  the  engine 
must  come  from  the  gases  adjacent  thereto,  and  that  on  this  account 
the  wall  will  be  little,  if  any,  hotter  in  the  one  case,  than  in  the  other, 
and  that  large  auto  engines  can  be  cooled  just  as  readily  and  practically 
as  small  ones. 

Since,  however,  the  size  of  engines  used  in  auto  work  is  limited 
by  the  weight  of  the  parts  and  the  intensity  of  the  vibrations  set  up  by 
the  explosive  charge,  it  seems  quite  likely  that  the  latter  contention  is 
practically  true.  It  is  now  no  longer  common  to  increase  power  by 
increasing  the  bore  of  the  cylinders,  but  the  accepted  method  is  to 
increase  the  number  of  cylinders,  and  it  was  quite  thoroughly  demon- 
strated by  Knox  and  others,  that  cylinders  up  to  5  inches  bore,  of 
varying  strokes,  can  be  successfully  air  cooled. 

The  most  common  forms  of  air-cooled  cylinders  are  either  cast 
with  flanges  encircling  them  or  machined  out  of  a  solid  body  of  stock 
or  forced  on  by  pressure  after  the  cylinder  is  machined.  Other  forms 
have  the  cooling  flanges  cast  lengthwise  of  the  cylinder.  If  the  engine 
is  horizontal  the  encircling  flange  permits  the  hot  air  to  pass  freely 
away,  which  is  not  the  case  when  the  engine  is  placed  vertically,  unless 
a  fan  or  some  means  for  moving  the  air  horizontally  is  provided.  For 
vertical  engines  using  natural  air  circulation,  the  lengthwise  flanges 
are  undoubtedly  best.  - 

Many  air-cooled  engines  are  fitted  with  special  forms  of  cooling 
surfaces  such  as  threaded  pins  having  one  end  screwed  into  the  cylinder 
wall,  which  pins  not  only  carry  the  heat  outward,  but  because  of  the 
screw  threads  on  their  surfaces,  are  in  contact  with  a  large  volume  of 
air.  Grooves  are  frequently  machined  into  the  cylinder  surface,  in 
which  are  chalked  combs  or  strips  of  radiating  metal  having  large 
radiating  surface. 

In  all  the  larger  motors,  fans  are  used  to  direct  a  current  of  air 
past  the  radiating  surfaces  to  insure  effective  cooling. 

In  some  engines,  as  in  the  Frayer-Miller,  the  cylinder  is  enclosed 
in  a  jacket,  through  which  air  is  forced  and  by  which  the  air  is  caused 
to  come  in  close  or  heated  surface  with  the  result  that 

the  cooling  is  pa  >e  effective  where  needed,  and  is 
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largely  proportioned  to  the  needs  of  the  engine,  because  the  blower 
which  supplies  the  air  b  driren  by  the  engjoe.  In  air  coding,  bowerer. 
unlike  water  cooling,  there  is  no  fixed  tempCTSture  point  anj  there  b, 
therefore,  much  more  variation  in  the  walls  of  tbe  cyliiider,  with  cod- 


f-ecnieiit  ]>osNil>le  warping,  than  is  found  in  a  water-ooole»l  motor. 
'i'liis  variation  is  Wiicvei!  by  many  to  shorten  the  life  of  tlie  eripne 
!iri<l  increase  its  troubles,  while  others  argue  that  the  avoidance  of  the 
water  system  more  than  makes  Up  for  the  lack  in  this  respect, 

CHANOE-SPEED  DEVICES 

Hi'i'Dud  in  iinportance  onlv  to  the  motor  is  the  niechani.  m  f'lr 
(iinv<'yinf;  its  power  to  the  rear  axle,  or  to  the  propellin|:;  wheels. 
This  uiei-lianism  consists  usually  of  first,  a  change-speed  devi<f  liy 
whi<-h  I  he  ratio  of  mo'itr  revolutions  to  rear-wheel  revolutions  is  varied 
to  nu'ct  the  vurviiig  n>iul  conditions,  such  as  hills,  mud,  sand,  snow, 
crowded  trallic  or  clear  level  roads;  second,  of  a  transmitting  device 
such  as  a  shaft,  chain,  or  chains,  or  lielts  between  the  change-speed 
gear  and  the  rear  wheels;  and  third,  of  a  balance  gear  often  called  a 
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differentia!,  or  itseqiiivaletit.by  which  the  power  is  divided  and  caused 
to  drive  Wth  wheels,  while  permitting  freedom  tiir  the  purpose  of 
turning  comers. 

Cliaitge-speed  gears  are  of  many  varieties,  of  which  the  most 
common  are  planeUiry,  sliding  gear,  individual  clutch,  friction,  auti>- 
matic  and  several  others,  combining  more  or  less  of  the  various  fea- 
tures found  in  these  forms  with  possibly  slight  variations,  such  as 
magnetic,  pneumatic  or  hydraulic  clutches.  Few  subjects  offer  a 
greater  field  for  ingenuity  than  change-speed  devices,  and  many  forms 
not  worthy  of  description  in  the  limited  space  available,  have  lieen 
tried  and  found  reasonably  satisfactorj'. 

Planetary  Gear.  The  planetur;-  gear  was  the  first  form  to  l>e 
largely  used  in  America,  lieing  first  regularly  employeil  on  Durv'ea 
vehicles  in  1S98  and  afterward  adopteil  in  ihe  filds  runabant  and  by 
its  many  imitators, 
well  as  in  the  Cadillac 
and  Ford  machines, 
alt  of  which  it  is  s 
found,  as  well  as 
many  others.  In  its 
original  form  it 
ployed  a  spur  driving 
gear  Bttache<!  t:>  the 
crank    shaft.      Meshing 

into  this  was  a  planetarj-  pig_„,.    crncral  Vk.«-  ..r  PlanelEirj-  Ceav. 

pinion  carried  by  a  stud 

projecting  from  a  frame  j<Mirnalc<l  on  the  crank  shaft  end,  which 
frame  carrie<l  the  driving  sprocket.  ^leshinf^  Into  tlie  pinion,  was 
an  internal  gear  concentric  with  the  crank  shaft,  and  ihe  device 
was  pro\'ide<l  with  three  clutches,  one  for  locking  the  parts  to- 
gether, »)  that  all  would  revolve  with  th-  irank  shaft,  fomung  di- 
rect drive  on  the  high  gear;  another  for  holding  the  internal  gear 
stationarv-  while  the  pinion  rolls  around  inside  it,  carrving  the 
sprocket  fnrward  at  low  spee<l;  and  a  third  for  liohhug  the  pinion 
frame  and  causing  the  sprocket  to  be  carried  by  the  internal  gear 
in  a  reverse  direction  as  the  pinion  revolves.  (The  sprocket  hav- 
ing Iteen  first  releasetl  from  the  pinion  frame.) 

These  clutches  were  <)]>erateil  sei«iralely,  only  one,  as  a  rule, 


ivard  adopteil  in  Uie  filds  runabant  and  by 
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being  engaged  at  a  time.  A  single  operating  lever  was  usually  em- 
ployed for  high  and  low  speed,  while  a  second  lever  was  use<l  for  the 
reverse.  Two  to  four  pinions  were  employed  instead  of  one,  which 
gave  added  strength  without  requiring  additional  room,  and  thus 
permitted  the  gears  to  be  of  much  narrower  face  for  a  given  duty  than 
would  have  been  possible  with  a  single  fonn.  Modifications  of  this 
device  employing  two  or  more  sets  of  gears  are  largely  used  because 


High  Lovy  Reverse 


Fig.  25.    Planetary  Gear  Diagram. 

All  paria  lorkvd  tugrther,  K>vea  high  gear  and  carries  the  tprockct  at  same  speed  as  crank  shaft  without  frirti<«  or 
moTinK  parts. 

Holding  the  large  Internal  gear  causes  the  Intermediates  to  roll  forward  slowly  and  carry  the  sfirocket  with  them, ' 
firing  low  gear,  one-third  to  one-fourth  the  crmnk  shaft  speed. 

Holding  the  spindles  of  the  internied lutes  drive*  the  Internal  gear  in  a  reverse  direction,  giving  the  rrvert«  spetd. 

the  original  form  was  protected  by  patent,  but  the  principle  is  much 
the  same  in  all.  The  diagram  herewith  illustrates  the  action  more 
fully.  As  usually  constructed,  the  planetary  system  provides  two 
speeds  forward  and  a  reverse,  but  some  forms  provide  for  three  speeds 
forward  together  with  a  reverse. 

Individual  Clutch.  The  Individual  clutch  transmission  is  still 
an  older  fonn, having  been  used  by  Durj-ea  in  '93,  Haynes  in  '95  and  bv 
several  foreign  makers  fully  as  early.  This  consisted  usually  of  two 
parallel  shafts  on  which  were  two  or  more  sets  of  spur  gears  of  dilTerent 
sizes  but  of  a  common  distance  between  centers.  Each  set  of  jrears 
was  provided  with  a  clutch  adapted  to  cause  that  set  of  gears  to  trans- 
mit power  at  its  proportionate  speed  when  desired  by  the  o{)erator. 
For  reversing  purposes,  sprockets  and  chain  instead  of  gears  were 
used,  or  one  set  of  gears  small  enough  not  to  mesh,  but  provided  with 
an  intennediate,  were  employed.  The  individual  clutch  system  per- 
mits a  wide  variety  of  speeds,  smooth  and  noiseless  engagement  of  any 
speed,  and  is  a  very  satisfactorj-  system,  its  principal  objection  l)eing 
the  large  number  of  clutches  and  the  fact  that  all  sets  of  gears  are  in 
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motion  at  all  speeds.  To  avoid  clutches  some  designs  eisiplcy  a 
single  friction  clutch  and  a  movable  key  or  pa^l  by  which  any  gear 
can  be  locked  to  the  shaft,  and  speed  changes  are  ma^le  by  sliding 
this  key  from  one  set  of  gears  to  the  next.  The  strain  on  the  small  key 
results  in  its  rapid  destruction  and  forms  the  principal  objection  to 


rt«.  JL    I'lni.-u,  Sliding  <!™r  and  Cc.nnl.T  tihiift, 
this  arrangement.     Similar  results  are  obtainp<l  by  sliiiing  the  gear.i 
themselves,  which  although  not  so  compact,  is  considered  a  stronger 
and  more  desirable  device. 

Sliding  Gear.  Po.ssibiy  the  most  used  fonn  to-<lay  is  the  sliding 
gear.  This,  like  the  other  forms,  is  made  in  a  numljcr  of  varieties  but, 
in  general,  consists  of  parallel  shafts,  and  multiple  sets  of  gears  of 
differing  proportions.  On  one  shaft  the  gears  are  fixed,  while  on  the 
other  they  are  commonly  attached  to  a  sliding  sleeve,  which  is  either 
fitted  to  a  square  shaft  or  provided  with  a  spline  ami  key-way  to  pre- 
vent rotation  of  the  gears  without  rotating  the  shaft,  and  yet  permit 
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free  movement  of  the  gears  along  the  shaft.  The  gears  are  placed  at 
such  inten-als  that  when  one  is  engaged,  the  others  are  dbengaged. 
In  operation,  a  single  clutch,  generallr  located  m  the  fly-wheel,  us 
withdran'n  while  the  gears  are  Iteing  shifted,  after  which  the  clutch 
b  allowe<I  to  engage  and  propel  the  vehicle.  The  ends  i)f  (he  pear 
teeth  are  sharpened  so  that  thev  will  engage  each  other  easily  and 
thus  permit  shifting  from  one  set  to  another  without  ditBcidty.     If  the 


clutch  is  not  fiillv  witlidrawn,  the  ends  of   the  teetli  almut  to 


engage. 


strike  against  ciich  other,  often  making  coiisideraMe  noise  am!  s 
times  lircaking  the  teetli. 

In  tlic  liclier  fnnns  of  sliding  gear  designs,  the  main  shaft  is  di- 
vi<lcd  in  11  gear  l)o\,  am!  (lie  pwer  tniiisinitted  to  the  se(x»iid  shaft  is, 
by  an  additiunal  set  of  f^'ars,  retnrncii  to  the  second  part  of  the  main 
shaft  and  liy  it  transmiltcd  to  the  wheels.  At  one  speed,  usually  the 
highest  one,  the  two  parts  of  the  main  shaft  are  connected  by  a  clutch 
of  the  |>ositive  or  jaw-<'liitch  variety,  while  the  parallel  shaft  with  its 
gears  is  completely  disengaged  and  stands  idle.     This  gives  a  direct 
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drive,  free  from  needless  friction  mid  is  considered  quite  advantageous. 
In  some  forms,  two  of  tlic  sliding  gears  are  on  one  side  and  two  on  the 
other.  This,  of  course,  rerjuires  two  shifting  forks  in  its  operation. 
Other  forms  employ  a  shifting  fork  for  each  gear  and  a  selective  means 


l^engogement  hy  wliich  ihe  operator  can  cause  the  single  shifting 
!Ver  tn  engage  iiny  desired  furk,  and  thus  put  into  operation  any  gear 

whicii  is  brought  out  of  operation  as  ihe  lever  passes  to  neutral,  where 

it  is  agtua  ready  to  engage  any  desired  gear. 
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Fig.  29.    Single  Lever  Quadrant, 
Selective  Type. 


The  objections  made  to  the  sliding  gear  device  is  that  this  method 
of  meshing  gears  is  unmechanical ,  wears  the  gears  rapidly,  is  likely 
to  break  them,  and  the  means  of  shifting  is  much  slower  and  therefore 
less  safe  and  handy  than  the  individual  clutch  or  the  planetary  systems. 
It  is  argued,  for  example,  that  in  the  sliding  gear  the  operator  must 
withdraw  the  clutch,  then  withdraw  the  gear,  then  shift  the  gear  lever, 

then  cause  it  to  engage  a  different 
gear  and  finally  complete  the  op- 
eration by  letting  in  the  dutch-a 
total  of  five  movements.  In  the 
planetary  device  the  same  mo- 
tion that  withdraws  the  high 
clutch  will,  if  continued  beyond 
the  neutral  point,  engage  the  low 
one  and  vice  versa,  while  in  the 
indi\idual  clutch  svstem  one 
movement  disengages  the  clutch 
and  another,  usually  of  the  same 
lever,  engages  another  clutch, 
with  its  corresponding  gears;  at  most  two  movements,  and  in  many 
forms  accomplished  by  a  single  movement. 

The  importance  of  (jiiick  action  in  a  crowded  street  or  on  a  steep 
hill  can  hardly  be  overestimated,  particularly  since  motor  vehicles  are 
rapidly-moving  devices  and  but  little  time  can  be  allowed  for  the  per- 
fonnance  of  any  simple  function  like  speed  changing.  In  spite  of 
this  disadvantage,  however,  the  sliding  gear  seems  to  be  increasing 
in  popularity,  which  is  probably  due  to  the  fact  that  many  people 
regard  the  foreign  vehicles  as  superior  to  the  American,  and  the  sliding 
gear  is  a  foreign  device.  It  seems  also  probable  that  the  greater 
simplicity  of  the  .sliding  gear  system  as  compared  with  the  individual 
clutch  has  caused  it  to  find  favor  with  the  makers,  to  whom  simplicity 
means  cheapness,  and  who  are  not  so  much  concerned  as  to  whether 
or  not  it  is  most  easy  to  operate.  The  simple  device  is  not  only  cheap- 
est for  the  nianufactnrer  but  it  is  generally  more  easily  understood 
and  maintained  by  the  owner,  and  should,  if  other  things  are  reason- 
ably near  ecjual,  be  given  preference. 

Friction  Gear.  The  friction  gear,  although  but  little  used,  is  an 
exceedingly  old  form.     It  was  probably  the  first  form  in  the  thought  of 
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every  designer  in  connection  with  the  gas  engine,  for  in  the  early  days 
gas  engines  were  regarded  as  being  inflexible,  and  a  flexible  driving 
gear  was  considere<l  an  absolute  necessity.  Lack  of  positiveness,  the 
objectionable  pressure  necessary  to  secure  driving  friction,  the  dis- 
.  turbing  effect  of  grease,  frost  or  water  when  found  upon  the  friction 
surfaces,  the  large  size  of  the  discs  re<|uired,  and  the  constant  loss  of 
p>ower  due  to  the  fact  that  variable  friction  devices  cannot  be  construct- 
ed upon  rolling  cone  lines,  all  conspire  to  make  friction  devices  objects 
of  suspicion  to  which  most  designers  were  unwilling  to  confine  their 
efforts.  Successful  use  for  many  years  upon  vehicles  of  even  the 
heaviest  weights  has  proved  that  friction  driving  gears  are  capable  of 
successful  use  and  excellent  service,  and  that  their  advantages  and 
objections  compare  favorably  with  other  systems. 

Several  forms  have  been  used,  of  which  the  most  common  form, 
and  the  one  longest  in  use,  consists  of  a  disc  on  the  engine  shaft  par- 
allel to  the  plane  of  the  fly-wheel  and  often  formed  by  the  fly-wheel 
itself.  Parallel  to  this  disc  is  a  driven  shaft  on  which  the  driven  disc 
is  arranged  to  slide  with  its  edge  in  contact  with  the  face  of  the  driving 
disc.  This  driven  disc  can  be  shifted  from  the  extreme  outer  edge 
of  the  driving  disc,  which  is  usually  high  speed  position,  to  a  position 
which  is  beyond  the  center  of  the  driving  disc,  which  is  a  reverse  posi- 
tion. At  the  center  the  driving  effect  is  nothing  and  the  driven  disc 
would  stand  still  but  is  usually  disengaged  at  this  point.  This  form 
has  been  in  use  for  five  years  on  Union  vehicles  and  has  been  thorough- 
ly tested  under  every  condition  of  road  serv  ice. 

A  modification  employs  two  additional  discs,  one  joumaled  on 
the  cross  shaft  with  its  edge  engaging  the  reverse  surface  of  the  driving 
disc,  the  other  journaled  independently  on  a  short  shaft  in  line  with 
the  driving  shaft  and  with  its  outer  surface  engaging  the  edge  of  its 
mate,  while  the  driven  disc  engages  its  face  opposite  the  point  of  en- 
gagement on  the  driving  disc.  This  arrangement  applies  power  to 
the  driven  disc  at  opposite  sides,  which  balances  the  pressure  and  in- 
crease's the  driving  effect  to  a  considerable  extent. 

A  modification  of  these  forms  reverses  the  positions  of  the  discs 
and  employs  the  shifting  dls(;  as  the  driving  device  with  its  edge  moving 
across  the  surface  of  the  driven  disc.  This  reversal  secures  great 
power  at  low  speeds,  but  for  pleasure  motor  vehicles  this  is  not  so 
desirable,  for  they  are  usually  driven  on  the  high  gear,  depending  uj>ou 
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the  tlirottliiig  of  tlie  engine  for  necessary  variations  in  spee»l,  aiid 
friction  discs  of  this  arrangement  are  ^uite  wasteful  of  power  when  tlie 
transmission  point  is  near  the  center  of  tlie  disc  surface.  This  is 
because  of  the  fact  that  the  point  of  contact  is  not  actually  a  point,  but 
covers  a  considerable  surface,  on  which  account  a  considerable  slip 
and  loss  of  power  results.  This  slip  is  tlependent  both  upon  the  width 
of  the  friction  edge  in  contact  with  the  disc  and  upon  the  curvature  of 
that  circle  of  (he  ilisc  in  contact  at  any  particular  time. 

If  we  assume  the  contact  snrfare  to  lie  more  or  less  elliptical  in 
shape,  it  will  Im"  seen  from  the  diagram  that  the  .surfaces  must  slip  in 


nf  the  center  of  the  contact  arcii. 
;ind  with  the  eiige  of  the  drivcEi 


A  Ihini  form  of  fi  iction  in  use  on  the  Wind.sor  vehicle  is  a  uioilifi- 
'iilion  of  the  second  form.  In  this  the  driving  shaft  is  eijui]i)H.il  with 
wo  .Uses  liclwccn  which  is  j»laced  two  halves  of  a  cross-shaft,  ciicli 
Ifre-driven  discs.     These  half  shafts  are  so  mount- 


ed that  their  adjaceni  eruls  can  he  thn)wr 
the  discs  un  tlicin  arc  likewise  mounted 
like  pro[)ortii.n.  Since  the  driven  di.scs  a 
dHvin-  .haft,  it  is  ..bvi.nis  Unit  if  one  is  ih; 
backward,!. 
are  thrown  : 


This  obviate- 

and  since  it  i^  sclrjom 

speed,  the  driven  disc 


I  opposite  directions  and 
move  oppositely  and  in 
on  opposite  cniis  of  the 
■n  for\vanl  and  the  odier 
rolaleil  in  the  same  direction,  whereas  if  they 
[H)sitc  diR-ction  a  reverse  motion  will  l>e  given. 


■cnlcr  of  the  driving  disc  to  .secure  a  reverse, 
never  necessary  to  have  an  extremely  slow 
eed  not  be  shifted  greatly  to  produce  the 
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variations  in  .sjK-e*!,  which  is  done  by  .sliifting  thi'm  towjinl  or  fn>ni  tlic 
otherwigesof  thedriviiigdiscs.  The  illustration  makes  tlie  arrange- 
ment plain  without  further  explanation.  The  amount  of  clearanee 
is  so  slight  that  the  movement  of  the  half  shafts  out  of  a  direct  line  is 
too  little  to  have  any  practical  effect  of  a  detrimental  character. 

A  fourth  form  is  arranged  to  make  use  of  the  friction  drive  only 
for  such  variations  in  speed  ax  are  necessarj'  behnv  direct  drive,  and 


secures  the  advantage  of  direct  drive  without  loss  for  high  .s()ee<l  work. 
This  arrangement  .seems  particularly  adapted  to  pleasure  vehicle 
service  and  will  doubtless  find  large  adoption  in  future.  In  this  con- 
struction the  driven  disc  stands  parallel  to  the  fly-wheel  and  is  shiftable 
toward  and  from  the  fly-wheel  surface.  The  edge  of  the  driven  disc 
engages  the  plain  surfaces  of  Iwo  or  more  interme<!iate  discs,  joumaled 
on  short  shafts  parallel  to  the  plane  of  the  fly-wheel.  The  eilges  of 
these  intennediates  engage  the  fly-wheel  by  gear  or  friction  as  may  be, 
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and  transmit  power  to  opposite  sides  of  the  driven  disc.  Shifting 
from  the  center  of  the  intermediates  toward  the  fly-wheel  increases 
the  speed,  while  in  the  opposite  direction  beyond  the  center  give^  the 
reverse.  ^.Vhen  near  the  fly-wheel  a  clutch  is  engaged,  which  con- 
nects the  fly-wheel  and  driven  disc  positively  after  which  the  inter- 
mediates are  disengaged,  leaving  direct  drive  on  the  high  gear. 

VEHICLE  CONTROL 

With  all  these  devices  the  operator  is  called  upon  to  perform  cer- 
tain operations,  such  as  setting  and  releasing  clutches,  shifting  the 
discs  in  and  out  of  contact,  or  shifting  and  selecting  the  gears  to  be 
used.  In  the  operation  of  the  vehicle,  he  must  have  in  mind  the  im- 
portant function  of  speed  changing,  in  addition  to  the  equally  impor- 
tant ones  of  steering  and  throttling  the  motor,  together  with  minor 
functions  such  as  spark  management,  lubricator  oversight,  and  tooting 
the  horn  or  sounding  a  gong,  which  is  frequently  required  by  law. 
Such  a  multiplicity  of  duties  is  confusing  to  many  operators  accus- 
tomed only  to  drive  a  gentle  horse,  which  requires  but  guiding  and 
speed  ret]julation,  and  there  is  no  doubt  but  that  many  accidents  are 
due  to  tlie  operator  in  an  emergency  becoming  confused  and  failing  to 
do  the  right  thing  to  prevent  trouble. 

It  is,  therefore,  quite  necessary  that  vehicle  control  shouhl  l>e  as 
simple  as  possible,  and  while  some  designers  have  eliminated  minor 
details,  such  as  spark  control,  and  the  necessity  for  watching  the  oil  or 
water  circulation,  and  have  reduced  the  operation  of  the  vehicle  to 
steering  and  throttling,  with  sufficient  power  to  drive  a  large  and 
flexible  engine  almost  wholly  on  the  high  gear,  and  without  speetl 
changing,  others  have  eliminated  speed  changing  entirely  by  making  it 
automatic.  Thus  in  the  Sturtevant  machines,  the  fly-wheel  is  pro- 
vided with  two  or  more  sets  of  governor  weights,  ^^^len  the  engine 
is  throttled  cxtrcniely  low,  these  weights  are  all  drawn  in  bv  springs 
and  all  drives  arc  (liscoiniccte<l,  leaving  the  vehicle  standing  still.  If 
the  motor  is  speeded  up,  the  lightest  set  of  springs  pennit  one  set  of 
weights  to  throw  into  engagement  the  low  speed  gears,  and  these  con- 
tinue in  engagement  until  the  vehicle  attains  considerable  speed,  when  a 
second  set  of  weights  throw  out,  bringing  into  action  a  higher  gear, 
which  drives  the  vehicle  at  a  higher  speed.     The  lower  sDetxl  gears 
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become  inoperative  because  of  a  ratchet  provision  which  permits 
over-running  the  low  gears,  whenever  the  driven  part  acquires  a  speed 
above  that  imparted  by  the  low  gears.  If  the  speed  decreases,  the 
high  speed  weights  are  drav/n  in  by  their  springs  and  the  low  gears 
take  up  the  work,  until,  as  when  stopping,  they  too  l)ecome  inactive 
because  of  lack  of  speed.  This  arrangement  eliminates  speed  chang- 
ing entirely  and  renders  the  vehicle  more  suited  to  the  use  of  every 
member  of  the  family  than  are  most  vehicles — a  condition  that  sooner 
or  later  must  come  to  pass. 

Combination.  In  a  few  vehicles  the  motor  has  l>een  used  direct 
connected  to  a  dynamo  to  generate  electricity,  which,  either  through  a 
storage  batterj%  or  direct  to  a  motor,  is  used  to  produce  the  necessary 
speeds.  This  system  has  not  been  largely  applied  to  pleasure  vehicles, 
but  has  seemed  best  adapted  to  commercial  vehicles  where,  because  of 
widely  varying  loads,  widely  varying  powers  are  needed,  and  the 
electric  motor  not  only  provides  a  steady  application  of  power,  but  in 
connection  with  the  storage  batter}',  is  capable  of  great  exertion  for 
short  spaces  of  time,  and  undoubtedly  does  give  an  almost  ideal  method 
of  speed  changing.  The  added  cost  and  weight  of  a  double  system 
of  this  kind  is  quite  likely  the  chief  argument  against  it. 

It  has  also  been  proposed  to  use  pumps  for  water  or  oil  directly 
attached  to  the  engine,  while  a  motor  adapted  to  be  driven  by  liquid 
was  directly  connected  to  the  rear  axle.  Such  a  device,  while  doubt- 
less flexible  and  smooth  running,  is  admittedly  inefficient  and  not 
easily  maintained  in  proper  working  condition. 

CLUTCHES 

Since  the  gas  engine  must  be  started  from  an  outside  source, 
and  runs  with  but  little  power,  when  cold,  it  is  practically  necessary 
to  have  a  clutch  by  which  the  engine  can  l>e  disconnected  from  the 
driving  gear  or  at  least  from  the  propelling  wheels.  The  forms  of 
these  clutches  are  (|uitc  varied.  In  connection  with  the  sliding-gear 
change-speed  device  the  clutch  is  usually  placed  between  the  fly-wheel 
and  the  change-gear  lx)X  and  is  generally  of  the  conical  variety,  one 
member  forming  part  of  the  fly-wheel  and  the  other  being  attached 
to  the  shaft  entering  the  gear  lx)x.  One  surface  is  usually  faced  with 
leather  or  similar  material  having  a  high  friction  coefficient,  and  a 
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strong  spring  is  tirmngei)  to  hold  the  members  iti  engagement.  A 
pedal  like  a  brake  pedal  is  usually  provided  to  withdraw  the  driven 
member,  with  a  ratchet  for  holding  it  will 
ilrawn  while  the  motor  is  being  started. 

IJeraii.se  of  the  rapid  wear  of  soft  sub- 
stances such  as  leather,  and  the  danger  of 
bnrning  out  the  clutch  surface  in  a  few 
minutes  after  a  clutch  be- 
gins to  slip,  as  well  as 
becatise  of  the  objectiona- 
ble size  neoessaiy  to  secure 
an  effective  dutch  of  tlk 
kind,  a  better  form  of 
clutch  has  I)een  recently 
ado.>;eil  liy  leading  makers,  such  a^  ihe 
Maxwell  and  Stevens-Diirr'ea.  Thi.s  con- 
sists of  multiple  discs  of  metal,  each 
alternate  disc  being  attached  at  its  et\ge 
to  the  driving  member  an<l  the  other 
discs  attaclie<l  at  their  centers  to  the 
driven  member  or  vice  versa.  Light  springs  cau.se  these  to  .scparute 
sufficiently  t<i  \w  clear  of  engagement  when  the  cUitcli  is  re!e;iscil. 
The  total  amount  of  surface  is  .so  large  that  the  friction  coefficiein 
may  be  verj-  small.  This  form  of  dutch  gener- 
ally runs  in  oil,  has  no  appreciable  wear,  nee<ls 
no  adjustment  and  the  vei^'  worst  that  can 
happen  b  to  burn  out  the  oil  between  the  discs 
and  thus  greatly  increase  their  friction  coefficienl.s. 
A  verj-  conmion  form  of  clutch  consists  simply 
of  a  band,  frcfpiently  linwl  with  leather,  vulcan- 
ized fiber,  or  even  canvas,  which  is  provide<l  j 
with  means  for  cuH.sing  it  to  grip  the  surface  to 
be  held.  This  form  is  commonly  used  in  con- 
nection with  planetary  gears  and  is  much  em- 
ployed as  a  brake  ilevice.  Ha-.-hrt, 

In  another  fonn  of  clutch  the  .surface  to  be  gripped  is  not  i>n  the 
ont.sidc,  as  with  the  band,  but  is  an  inner  circumferential  surface,  ;iii'l 
two  or  more  shoes  or  .short  segmental  sections  are  caused  to  press 
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against  this  inner  surface  by  toggles  operated  by  &  C'ollar  shifted  length- 
wise the  shaft.  This  is  one  of  the  earliest  forms  of  individual  clutches, 
and  was  used  by  Fawcett  in  an  omnibus  driven  by  an  internal  com- 
bustion engine  at  Pittsburg 
in  1870.  A  great  variety 
of  modifications  of  the  de- 
vices just  described  are  to 
be  seen  in  use  to-day,  but 
with  a  knowle<lge  of  these 
most  important  fonns  the 
modifications  are  easily  un- 
derstood upon  inspection. 
Sciuare-jaw  or  positive 
clutches  are  used  in  some 
instances,  as  m  the  White 
Fi«.34.   Muiupi- Disc  rinui..  steamer     or    the    Chicago 

friction  drive,  and  sene  to  change  the  speeds.  Such  clutches  are 
used  in  some  change  gears  instead  of  sliding  the  gears. 

TRANSMISSION 

After  passing  the  change-speed  gear,  the  power  is  transmitted 
usually  to  the  balance  gear,  and  for  this  purpose  the  single  chain  is  the 
most  common  form.     This  is  so  simple  as  to  need  but  little  description. 

Tig.  Si.    aie™n»-Durrett  Fix  Wherl,  Crank  Shaft  aud  Disc  Cluu-h. 

being  known  in  its  simplest  and  most  successful  fonn  on  practically 
all  bicycles.  The  front  or  driving  .spnukct  is  usually  .small,  the  larger 
or  driven  sprocket  being  several  {three  or  four)  times  the  diameter  of 
the  front. 
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The  block  chain  adopted  from  bicycle  service  was  the  first  form 
used  on  American  motor  vehicles,  but  being  of  bicycle  size  in  almost 
every  instance,  wns  foimd  totally  inadequate  and  was  therefore  almost 
universally  con(lemne<l.  Not  only  the  chain  but  the  sprorkeLs  were 
too  small,  with  the  result  that  Iwth  wore  out  quickly  and  breakages 


wlih  Felt  LubricatAr. 


were  frc(|uent.  The  block  chain  has  le.ss  parts  t!ian  the  roller,  lias 
less  joints  to 'gather  prit,  is  less  noisy  and,  if  of  proper  strength  ami 
properly  fitted  to  the  sprocket,  runs  with  as  little  friction  and  transmits 
power  with  as  jjreiit  efficiency  as  any  device  yet  offered.  Few  block 
chains  are  in  use  tmlay,  but  of  the  few,  the  Duryea  is  noticeable  lie- 
cause  the  blocks  are  lM)red  transversely,  so  as  to  just  intersect  the  rivel 
boles,  and  this  transverse  l>ore  is  filled  with  a  felt  pad,  which  absorlw 
oil  and  keeps  ilic  rivets  properly  lubricated.  The  vahie  of  oil  u\«^n 
any  Wiiritig  is  self-evident,  and  this  arrangement  not  only  insures  oil 
in  the  pri)j>er  place,  but  permits  the  outer  surfaces  of  the  chain  l>eiiij; 
kept  clean  and  practically  free  from  grit,  so  that  the  rivets  are  not 
likely  lo  wear  in  tlieir  tiearings,  nor  do  the  teeth  of  the  spntckels  wear 
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Tlie  n)ller  cliaiii  is  the  most  common  fnnn  and  is  so  called  lie- 

ise  each  rivel  passes  through  a  bushing  around  which  bushing  a  mll- 

s  i)laced,  s<)  that  llie  chain  pull  is  taken  by  the  niller  bearing  against 

the  bushing,  while  the  rivet 

is     jolinialed      inside      tlic 

bushing.     The     reason    for 

this  is  that  as  the  chain  lie-; 

down  in  its  place  u}x)n  the 

'^"  '       "  "^     *  "■  face  of  the  wheel,  the  n>ller 

rolls  d"wn  the  teeth  instead  of  sliiling,  but  this  reason  is  based  n]Km 

chain  ini|ierfeili()ns  and  is  not  a  proper  one  in  connection  with  f:(xnl 

chains  anil  pn>j)erly  cut   sprockets.     If  the  chain  and   spnu-ket  lit 
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properly,  the  pitch  of  the  chain  is  slightly  less  than  that  of  the  sprock- 
et, so  that  the  rollers  or  blocks  rise  and  fall  out  of  and  into  tlieir 
places,  as  the  sprocket  re\'olves,  without  friction.  If,  however,  the 
rhain  is  over-pitch,  it  will  be  loose  at  the  middle  of  its  length  of 
contact  on  the  sprocket  and  will  grind  an<l  bind  where  it  conies  in 
contact  an<l  where  it  leaves  the  sprocket,  and  while  rollers  may  partly 
overcome  this  grinding,  the  loss  of  power  in  any  event,  is  deciiledly 
objectionable,  and  such  chains  should  not  be  continued  in  use. 

It  is  to  overcome  this  defect  in  driving  chains  that  self-adjusting 
chains,  like  the  Renold  silent  and  the  Morse  silent  chain,  have  been 
put  upon  tlie  market.  These  have  not  come  largely  into  use  on  autos 
l»ecau.se  of  their  high  first  cost,  but  they  are  undoubtedly  most  meritor- 
ious, as  they  wear  as  long  as  gears,  are  more  flexible,  are  less  noi:.y, 


transmit  as  much  power  for  a  given  width  of  t<Mjtli  and  need  no  more 
attention  than  gears.  Their  decide^l  advantage  is  in  the  shape  of  the 
link,  which  causes  the  chain  to  select  its  own  pitch  line  on  the  sprm-ket. 
Because  of  this  feature  they  do  not  stretch  and  pet  out  of  pitch  as  do 
chains  of  onlinary  constniction,  but  any  stretch  of  the  chain,  due  to 
the  wearing  of  the  pivots,  is  oompensateil  for  by  the  fact  that  the  chain 
automatically  takes  a  larger  pitch  line  position  on  the  spn)cket,  where- 
as in  chains  of  the  usud  kind  an  increase  of  pitch  caii.ses  the  chain  to 
grind  and  rapidly  wear  the  tooth  surfaces,  as  the  chain  takes  its  posi- 
tion on  the  sprocket  with  much  loss  of  power  and  with  an  increasingly 
rapid  destruction  of  both  sprocket  teeth  and  chain. 

The  pitch  of  a  chain  is  the  distance  from  center  to  center  of  similar 
rivets,  having  one  chain  link  between  them.  In  roller  and  the  silent 
chains  mentioned,  it  is  the  distance  between  rivets.  In  block  chains 
each  link  is  composed  of  one  block  and  two  side  pieces,  which  are  held 
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together  by  a  rivet,  so  that  the  pitch  of  the  chain  is  the  total  of  two 
spaces  adjoining.  This  pitch  distance  is  measured  in  a  straight  line 
forming  one  side  of  a  |K>lygon  having  as  many  sides  as  the  sprocket  has 
teeth,  and  corresjKMids  to  the  older  and  now  Ic^ss  iise«l  circular  pitch 
as  applie<i  to  spur  gears.  In  circular  pitch  the  gears  were  measuml 
from  center  to  center  of  tooth,  just  as  spnx*kets  are  measured,  these 
measurements  l)eing  taken  on  the  pitch  line.  In  the  later  and  more 
common  methcKl  of  measuring  gears,  the  pitch  is  expresses!  hy  the 
diameter  of  the  gear  at  the  pitch  line.  Thus,  an  eight-pitch  gear  has 
eight  teeth  on  its  circumference  for  each  inch  of  diameter.  The  pitch 
line  of  a  gear  is  alwut  midway  of  the  tooth  and  is  the  line  common  to 
both  gears;  similariy  the  fixe<l  line  of  the  sprocket  and  chain  is  the 
line  of  the  rivet  centers  as  the  chain  lies  upon  the  sprocket. 

Although  less  applicable  to  l>elting,  the  pitch  line  of  a  l)elt  is 
approximately  at  its  center  and  should  l)e  taken  into  c^onsideration 
when  considering  pulleys  for  belt  driving. 

In  some  vehicles  more  than  one  chain  is  used,  either  from  the 
motor  shaft  to  the  counter  shaft,  as  in  the  Holsman, — which  emplovs 
chains  for  its  change-sj>eed  device — or  as  in  many  forms  of  large 
vehicles  which  employ  two  chai4is  from  a  counter  shaft  to  the  rear 
wheels.  The  counter  shaft  is  parallel  to  the  rear  axle  but  in  front  of 
it,  and  is  fitted  with  a  sprocket  on  each  end,  in  line  with  the  lar«re 
sprocket  on  the  corresponcling  rear  wheel.  This  construction  is 
usually  applie<l  to  heavy  vehicles,  and  in  this  construction  the  balance 
gear  is  in  the  counter  shaft  and  power  is  frequently  transmitte<l  from 
the  change-speed  gear  to  the  balance  gear  by  propeller  shaft. 

Chain  tr()ul)lcs  iisuallv  consist  of  broken  links  or  sheared  rivets, 
due  (juite  frecpicntly  to  something  getting  between  the  chain  and 
sprocket  and  thus  subjecting  the  chain  to  undue  strain.  If  the  chain 
is  (juite  loose,  it  may  climb  on  top  the  sprocket  teeth  with  the  same 
result.  As  the  cliain  wears  and  increases  its  pitch  length,  the  tendencv 
to  climb  the  teeth  is  increased  and  it  will  run  with  a  irrindin:: 
noise,  indicating  rapid  wear.  A  block  chain  can  usually  be  reversetl 
with  good  results  after  it  is  partly  worn.  Extra  links  are  usualiv 
carried  for  repair  purj)oscs,  and  some  chains  have  their  rivets  button- 
holed into  the  side  links,  while  in  others  the  rivets  are  held  bv  cotter 
pins,  so  as  to  permit  cpjick  repairs  to  be  made. 
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Chains  have  been  condemned  because  they  have  been  ahusetl, 
whereas  if  properiy  designed,  cased,  and  eared  for,  a,s  is  necessary 
with  gearS)  they  will  give  as  good  or  better  service. 

The  propeller-shaft  transmitting  device  is  so  named  because  of 
its  resemblance  to  the  shaft  used  to  transmit  power  from  the  motor 
to  the  screw  propeller  in  boat  service.  At  its  forwanl  end  it  is  driven 
by  the  motor  or  change-speed  gear  just  ol  iii  a  launch,  while  at  the 
rear  end  it  is  fitted  with  bevel  gear  usually  of  small  diameter,  meshing 
into  a  larger  bevel  gear  on  the  rear  axle  or  counter  shaft  at  right  angles 


fig.  SB.    Propeller  Shafl  Tniliimllllng  Device. 

to  the  propeller  shaft.  In  some  cases  a  worm  gear  is  used  instead  of 
the  bevel,  while  in  others  e(|uivalents  having  pins  and  rollers  instead 
of  teeth  are  employed,  the  aim  being  to  reduce  the  friction  of  the  l)evel 
gear.  The  bevd  gears  are  commonly  encased  to  hold  oil  and  keep 
out  the  dirt,  and  this  casing  contributes  verj-  largely  to  the  goo<l  ser- 
vice ^ven  by  such  gears.  In  all  bevel  gears  there  is  a  deci<le<l  thrust 
against  the  bearings,  which  must  l>e  strongly  resisted  if  the  gears  are 
not  to  become  separated  at  their  pitch  line,  causing  increased  noise  and 
friction. 
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QlmbalJoints.     Because  of  the  impoesibilitj  of  lioldiiig  tlie 

motor  at  the  front  of  the'propeller  shaft  and  the  gears  at  the  rear 
in  alignment  with  each 
other,  it  is  comnion  to 
provide  the  propeller 
shaft  with  knuckles  or 
^iiitbal  joints,  whU-h. 
while  trananiitting  jH>w- 
er  perfectly)  permit  the 
shaft  to  yield  and  ohan^e 
its  direction  ten  or  even 
twenty  degrees.  The 
propeller  shaft  is  usually 
provided  with  a  telescop. 
ic  joint  which  permits  it 
also  to  varj'  in  length 
iK'tween  ends,  and  these 
FiK-  II)    tiiinbai  .loim.  ^^,^  accomraodatioiis  al- 

low  tlie  springs  of  the  vehicle  to  perform  their  function  without 

interfering  with   the  transmission  of  the  power,      A  great  variety 

of  giniliiil  joints  have  been  eniployt-d   and   the 

sarne  is  true  iif  the  telescopic  joint.     These  joints 

are  freijuently  erieased  in   leather  cases  packed 

with  hard  grease,  which  both  keeps  out  the  dust 

iiud  insures  lubrication. 

Radius  Rods.      The  pro])el- 

ter  shaft  ifi  frt-ijucntly  jiariilleled 

by  a  torsicm    roii  or  bar  liaving 

sntticieiLt   stllTiicss  to  resist  the 

])ush  of  1  lie  bevi-1  geiir  !is  it  tmiis- 

niits   Ihe  ilriving  elb.rt    lo    the 

axle.      In  an v  •■veiil.  tliis  strain 


it  is    inanrfesteil    as  a    forward 

pull  [MiraHel  to  the  cbaiiL,  whieh 

is  taken  by  distance  or  radius  rods  arranged  to  extend   from  the 

driven  axle  to,  or  nearly  to,  the  driving  one.     In  some  faulty  con- 
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structions  the  distance  rods  are  attached  at  one  end  or  the  other 
some  distance  away  from  the  axle  centers  with  the  result  that  the 
spring  action  gives  rise  to  a  travel  of  the  axle  not  coincident  with 
an  arc  drawn  around  one  axle  center  and  passing  through  the 
other,  and  the  result  of  this  lack  of  proper  movement  is  either  to 
loosen  the  chain  or  tighten  it,  resulting  frequently  in  the  chain 
running  off  or  being  strained  so  forcibly  as  to  break  it. 

Balance  Gear.  The  balance  gear,  frequently  called  differen- 
tial, or  jack-in-the-box,  is  a  device  intended  usually  to  transmit  the 
power  from  the  sprocket  or  bevel  gear  to  each  half  of  the  counter- 
shaft or  rear  axle  and  thus  to  each  wheel  equally  at  all  times,  re- 
gardless of  whether  the  wheels  are  turning  at  equal  speed  on  a 
parallel  course,  or  one  slower  than  the  other,  as  in  turning  a  cor- 
ner. In  its  simplest  form  it  consists  of  two  large  bevel  gears  at- 
tached one  to  each  half  of  the  rear  axle,  which  carries  at  its  outer 
ends  the  driving  wheels,  or  in  the  case  of  the  countershaft,  the 
sprockets  for  the  side  chain.  Between  these  large  bevel  gears  is 
journaled  the  driven  sprocket  or  driven  gear,  the  hubs  of  the  bevel 
gears  forming  the  hubs  in  many  cases.  In  this  sproc^ket  or  gear 
are  one  or  more  pinions,  usually  three  or  four  mounted  substanti- 
ally upon  spokes  and  arranged  to  mesh  into  the  large  bevel  gears 
of  the  balance  gear. 

In  theory  each  of  these  pinions  is  simply  a  lever  receiving  the 
pull  of  the  chain  at  its  center  and  because  its  ends  (opposite  teeth 
of  the  pinion)  engage  the  opposite  bevels,  it  transmits  half  of  the 
pull  received  to  each  of  the  bevels  When  the  vehicle  runs  on  a 
straight  course  the  pinions  and  bevels  revolve  as  a  solid  mass  with- 
out relative  motion,  but  if,  as  in  turning  a  corner,  one  bevel  and 
its  corresponding  rear  wheel  takes  a  slower  motion,  that  end  of  the 
lever  (^pinion  tooth)  is  retarded,  while  the  opposite  end  of  the  lever 
(pinion  tooth)  moves  forward  more  rapidly,  driving  the  outer 
wheel  of  the  vehicle  with  increased  speed.  In  all  cases  the  amount 
of  force  applied  to  each  wheel  is  the  same,  since  l)oth  ends  of  the 
lever  are  of  equal  length,  the  only  variation  being  a  slight  loss  by 
friction,  due  to  the  motion  of  the  parts  of  the  gear  in  relation  to 
each  other.  While  the  bevel  gear  is  the  simplest  form,  many  bal- 
ance gears  are  constructed  by  the  use  of  spur  gears  because  spur 
gears  are  manufactured  more  cheaply.     In  this  form  each  half-axle 
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is  fittwl  with  a  spur  gt'ar,  while  tlie  sprocket  is  provided  with  stiids 
or  ht-ariiiga  parallel  to  the  axle  on  which  are  jonrnaled  loiij^  spur 
jiiiiioiis,  usiially  of  siiial)  diameter.  At  their  inntr  emk.  thei^t' 
pinions  mesh  into  each  other,  but  one  projet-ts  to  one  side  of  tin' 
sprocket,  the  other  to  the  other  side,  and  these  projecting  cii'Is 
im-sli  into  the  spnr  gears.  The  power  transmitted  to  the  sprm-k.-i 
is,  l»v  the  tei'th  of  these  pinions,  transmitted  eqnatly  to  the  spur 


iri-iirs  ill  wliich  tlu-y  nn'sh,  while  variations  in  speetl  ;ire  met  1)\-  lli- 
rolaliun  (if  tlie  pinions  in  opposite  tUnr.tion,  whii-h  ;u-i-iiTii|ilishi-^ 
the  snnie  resnlt  us  the  rutiition  of  the  hevel  pinii>n. 

A  third  form  of  this  device  now  litlle  us.il.  erii|il«niHl  a  spur 
^Tear  on  one  half  axle,  an  internal  gear  of  larijer  diameter  on  llic 
iilher  hair,  witj)  a  single  spitr  pinion  mesliin<r  inlo  lioth  :)ii<l 
m-.nntcl  on  a  stnd  proj.H-lin.;  from  the  sprocket.  The  pull  .if  ihr 
Hp:-!icki'l  was  transniiltwl  hy  this  stud  and  |)inioii  e.pjally  to  tli.- 
laree  internal  -rear  aiiil  the  small  spnr  pinion,  l.ut  since  the  |H>int 
of  applieatioii  or  pitch  line  of  the  internal  gear  was  farther  fretn 
the  axle  eenl.'r  than  the  pitch  line  of  tlie  spnr  gear,  tlie  elfeci  was 
to  drive  the  one  wheel  more  strongly  tlian  the  other.  This  annnge- 
meiit  is  |Kkrticnlar1y  ailvantageoiia  where  the  resistance  to  lie  over- 
come  y  greater  on  one  side  of  the  vehicle  than  on  the  other,  as  for 
example  ill  llie  tliree  wlieeler  having  (he  third  wheel  arrangeii  10 
track  with  one  of  the  drivers,  for  it  dilFerentiates  or  Iranuiiiits  the 
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power  in  different  proportion,  whereas  the  usual  form  being  bal- 
anced, is  really  a  balance  gear. 

Other  devices  are  in  use  to  transmit  power  to  both  wheels,  as 
is  necessary  to  secure  traction  and  a  forward  iiioveirient  without  a 
tendency  to  shift  to  one  side,  and  inost  of  these  aim  to  avoid  the 
balance  gear.  The  objection  to  the  balance  gear  aside  from  its 
co8t  and  weight  is  principally  that  if  one  wheel  strikes  a  slippery 
spot,  as  a  ])iece  of  ice,  and  slips  backward,  no  power  is  transmitted 
to  the  other  wheel  and  propulsion  ceases.  This  is  because  the 
slipping  wheel  moves  at  double  the  angular  velocity  of  the  sprocket 
instead  of  at  the  same  velocity  as  would  he  the  case  if  both  wheels 
were  revolving  at  the  same  rate  of  speed. 

In  one  or  more  types  of  friction-drive  vehicles  two  driving 
discs  are  used  and  no  balance  gear  is  employed,  it  having  been 
found  that  the  friction  discs  will  slip  sutficieutly  to  permit  satis- 
factory turning,  while 
on  the  other  hand,  if 
one  vehicle  wheel  slips, 
the  driving  ability  of 
the  other  is  in  no  wise 
lessene<l.  In  the  rope- 
driven  liolsinan,  and 
one  or  more  of  its  type, 
the  slip  of  the  driving 
ropes  is  utilized  in  a 
similar  manner.  The 
Iledgeland  solid  axle 
not  only  does  away  with 
the  loss  of  strength  or 
the  increase  of  weight, 
due  to  the  use  of  half 
axles,  l>ut  it  secures  a  pos 
avoids  loss  of  traction  by  the  slipping  of  > 
device  each  end  of  the  axle  is  provided  with  a  clutch  titled  to 
the  wheel  hub  so  as  to  remain  free  when  the  wheel  moves  faster 
than  the  axle  or  when  the  axle  stands  still  wilh  reference  lo  the 
frauie  of  the  vehicle.  A  forwanl  movement  of  the  axle  causes 
tbar'  ~  -mp  the  wheel  and  drive  it  forward,  but  at  all  times 


FlK.  43.    HedKelund  SuUd  Axl''. 

itive  drive  to  the  slow  wheel  anil  tlius 
wheel.      In    this 


AUTOMOBILES 


tho  wheel  Ib  free  to  turn  with  greater  angnlar  velocity  than  the 
axle  and  thus  releases  itself. 

la  revereing,  the  same  action  reaolts  in  the  opposite  face  of  the 
clutch  being  hrought  into  service,  while  in  coasting  tlie  vehicle 
runs  free  withoat  the  necessity  of  turning  the  rear  axle  and  pro- 
pelling niechanistn. 

Rear  Axle.  Directly  connectt^d  with  the  balance  gear  ia  the 
design  and  c-onstraction  of  tbe  rear  axle.  A  quite  coininoo  form 
consists  of  two  half  axles  passing  through  the  tubular  half  frames, 
which  are  bolted  together  around  the  balance  gear  forming  tbe 
balance  gear  box,  frame  or  spider.  Each  half  axle  is  a  duplicate 
of  the  other  as  iu  each  half  of  the  rear  framework,  and  each  is 


pnivided  with  bearings  at  the  inner  end  near  tbe  balance  jfear  rikI 
at  the  onter  end  iidjoining  the  vehicle  wheels.  In  some  construc- 
tion till'  balaiiC)'  gear  is  not  exactly  at  the  center  but  is  at  one  side, 
making  one  of  the  rear  axle  parts  and  the  tubular  portion  of  it^ 
oase  shorter,  while  tbe  opposite  parts  are  correspond inglv  longer. 
A  second  form  of  axle  employs  a  full  length  axle,  hnviin' 
fixed.  geueraJly  near  one  end,  one  of  the  balance  gears.  wbiU- 
HJijipfd  i)V<'r  tliia  end,  is  a  sleeve,  carrying  tbe  other  balance  irejir. 
Till-  outer  end  of  tbe  sleeve  on  one  side  and  the  outer  end  of  lin- 
axle  on  tlie  other  are  fitted  to  the  corre8[)onding  vehicle  wheels. 
A  uut  oil  tlie  sleeve  end  of  tbe  axle  holds  the  sleeve  in  posili.m. 
and  sometinn-s  nho  holds  tbe  wheel  in  place,  the  whole  forming  n 
Biniple  and    satisfactory  construction.     JJoth  of   these  forms  jiiv 
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what  is  known  as  "live  axles,"  i.  e.j  axles  which  revolve  with  the 
wheels.  They  are  advantageous  in  that  the  use  of  a  single  sprocket 
is  permitted,  and  this  may  be  placed  in  under  the  vehicle,  thus 
bringing  the  chain  away  from  the  dirt  of  the  wheels,  where  it  is 
less  unsightly  and  more  durable.  The  disadvantage  of  the  live 
axle  is  that  it  must  be  quite  strong  to  properly  carry  a  given  load, 
because  in  revolving  it  is  subjected  to  stresses  in  opposite  direc- 
tions, and  is  therefore  likely  to  be  broken. 

Dead  axles  are  commonly  used  on  heavy  vehicles,  and  these 
are  substantially  the  same  as  on  horse  vehicles.  With  this  con- 
struction each  driving  wheel  is  fitted  with  a  sprocket  from  which 
a  chain  runs,  usually  forward,  to  the  projecting  end  of  the  coun- 
tershaft.  The  balance  gear  and  axle  constructions  heretofore  de- 
scribed, apply,  with  slight  modifications,  to  the  countershafts,  which, 
because  of  the  gear  reduction  between  the  countershaft  and  the 
rear  wheels,  need  differ  only  in  that  they  are  not  so  strong  and 
heavy. 

Front  Axle.  The  front  axle  6f  a  motor  Vehicle  differs  usually 
from  horse  vehicle  construction  in  that  there  is  no  fifth  wheel  at 
the  center  of  the  axle  about  which  the  axle  turns  for  steering  pur- 


Fig.  45.    Complete  Front  Axle  Showing  Steering  Heads  and  T^e-Bar. 

poses,  although  this  construction  is  sometimes  used;  but  generally 
eacli  end  of  the  axle  is  provided  with  a  steering  head  into  which  a 
vertical  spindle  or  neck  is  journaled,  which  neck  carries  the  axis 
of  the  corresponding  front  wheel.  To  this  neck  is  attached  one 
or  more  steering  arms  for  controlling  the  direction  of  the  neck; 
and  that  the  opposite  wheels  may  be  steered  in  unison,  an  arm  on 
one  side  is  connected  with  a  corresponding  arm  on  the  opposite 
side  by  a  tie- bar  parallel  to  the  front  axle. 
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It  is  readily  seen  that  in  turning  a  corner  both  front  whtx*]s 
should  be  so  turned  that  eacli  will  describe  an  are  concentric  with 
the  arc  of  the  other,  for  if  both  arcs  are  not  concentric,  one  wheel 
or  other  will  l>e  forced  to  alip  sidewise  to  a  greater  or  less  extent, 
with  the  result  that  th«  tires  will  Iw  worn  and  the  steering  will 
sonietiiiieu  l>e  controlled  by  one  and  sometimes  by  the  other  wheel, 
with  consec^uent  greater  skidding  and  a  very  disconcerting  eccen- 
tricity in  the  matter  of  steerinj;;.  The  same  result  is  found  in 
driving  straight  ahead  if  the  steering  wheels  are  not  parallel  to 
each  other  as  they  should  Iw. 

To  iiianre  that  the  steering  wheels  describe  concentric  arcs, 
the  steering  arms  are  projected  either  backward  and  inward  from 
the  steering  neck  or  forward  and  outward,  and  the  tie- bar  is  made 
of  suitable  length  to  hold    the 
wheels     parallel     for     straight 
ahead   driving.     This    arrange- 
ment   insures    that     the    inner 
wheel  on  a  turn  will  be  steered 
at  a  greater  angle  from  the  cen- 
ter line  of  the  vehicle  than  the 
outer  wheel,  and   will   descriix' 
an    arc   of   a    circle   of    shorter 
'•'"■''"'■  radius     than     the    outer    wlieel. 

It  is  quite  evident  that  both  wheels  should  steer  around  a  coiimion 
center  and  that  the  radius  for  one  wheel  in  on©  case  must  be  the 
width  of  the  vehicle,  iiaually  about  5  feet,  greater  thtin  for  tin- 
other  wheel.  Tile  jiroper  angle  for  these  sleering  arms  dejiends 
upon  the  distance  Itetween  the  axles  and  ihe  distance  between 
the  steering  head  ciMiter  lines,  and  is  found  appro.\iniatfIv  liy 
drawing  a  line  through  the  steering  head  center  to  the  middle  of 
tlie  rear  axle. 

Steering  Heads.  Steering  heads  are  of  several  varieties  ac- 
cording 1,.  the  i.h-iiH  of  tlx'  designer.  The  simplest  form  is  an 
L-sJiaped  for^iiiig  w,-l,led  to  llie  end  of  the  straight  front  a.\te,  ihe 
oilier  meiiilier  of  llie  L  projecting  upward  or  downward,  and  in 
either  event  l.on-ii  l<.  receive  the  storing  spindle.  This  is  .pni.- 
frequeiitlv  termed  tli.'  I.finoiiie  lype.  \  second  form  jn-ovidea  liie 
axle  with  a  T  head,  ihe  extremities  of  the  T  being  turned  at  right 
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angles,  so  as  to  form  lugs  through  which  the  steering  pivot  pin 
passes.  This  also  passes  through  the  steering  neck  fitted  between 
the  lugs.  This  form  is  commonly  termed  the  Elliott  type.  Recog- 
nizing the  advantage  of  having  the  steering  pivot  as  close  to  the 
spokes  as  possible,  several  makers  made  these  projecting  lugs  very 
long,  and  in  place  of  the  vertical  neck  a  curved  C- shaped  neck 
was  provided  carrying  the  spindle  at  its  center,  while  at  its  ends 
short  pivots  or  screws  attached  it  to  the  lugs  mentioned.  This 
arrangement  permits  the  use  of  a  long  wheel  spindle  and  although 
slightly  more  expensive  to  build,  and  not  quite  so  rigid  as  the 
other  types,  was  used  because  of  its  merit  by  Haynes  for  a  num- 
ber of  years. 

In  any  steering  device,  the  object  is  to  have  the  steering 
pivot  close  to  the  w^heel,  so  that  the  leverage  of  the  wheel  is  ex- 
tremely small,  on  which  account  obstacles  do  not  have  much  ten- 
dency to  deflect  the  course  of  the  wheel.  Any  one  who  has  watched 
the  long  pole  of  a  horse  wagon  sway  violently  as  the  front  wheels 
Strike  an  obstacle,  can  realize  how  impossible  it  would  be  to  con- 
trol a  motor  vehicle  by  the  arm  of  an  operator  unless  a  considerable 
mechanical  advantage  is  gained  in  some  manner,  and  placing  the 
steering  centers  nearly  or  quite  in  the  plane  of  the  wheel,  secures 
this  advantage  to  a  more  or  less  complete  extent. 

Some  vehicles  are  equipped  with  hubs  of  such  size  that  the 
steering  pivot  may  be  placed  exactly  in  the  plane  of  the  wheel, 
the  wheel  bearings  biding  of  larger  diameter  than  the  length  of  the 
steering  pivot.  Other  vehicles  use  forks  awtride  the  wheel  with 
the  steering  pivot  over  the  wheel  as  in  cycle  construction.  Both 
of  these  methods  remove  all  leverage  from  the  wheel,  ho  that  there 
is  no  tendency  to  deflect  to  one  side  or  the  other  when  it  striken  an 
obstacle;  but  the  large  hub  is  objectionable  and  the  long  fork  with 
the  long  framework  necessary  to  get  above  the  wli<»el  is  both  eoHtly 
and  weak.  The  advantages  of  these  constrnctionH  cun  |)rHcti('ally 
be  secured  without  additional  cost  or  disadvantage  by  inclining 
the  steering  pivot  so  that  the  steering  pivot  center  linoHlrikoM 
the  ground  at  the  same  point  as  do<*s  the  wheel.  Tliin  eonMtriie 
tion  is  used  on  a  number  of  vehicles  at  present  and  •'"  ••"•ritH  will 
eventually  force  it  to  be  used  by  all. 
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A  few  vehicles  hare  been  steered  by  the  siogle  kingbolt  and 
fifth-wheel  arrangement  used  on  horse  vehicles,  in  connection  with 
a  worm  and  segment  for  turning  the  axle  about  this  pivot.  Tliis 
form  is  common  in  vehicles  which  both  drive  and  steer  by  the 
front  wheels,  and  is  cjuite  practical  if  means  for  steering  by  the 
power  of  the  motor  is  provided.  In  order  that  the  worm  may 
have  the  power  required  it  is  of  slow  pitch  and  needs  many  revo- 
hitions  to  effect  the  desired  steering,  which  rapid  movement  is  not 
easily  made  by  the  operator,  A  device  ia  easily  provided,  how- 
ever, BO  that  the  motion  of  the  motor  drives  the  worm  in  either 
direction  at  will  and  accomplishes  the  desired  result. 

A  double  form  mounts  both  front  and  rear  axles  on  fifth 
wheels  and  swings  them  in  opposite  directions,  thus  steering  both 
ends  of  the  vehicle. 

Front  axles  are  usually  solid,  although  sometimes  made  tubu- 
lar for  the  pur|)ose  of  saving  weight.  A  single  tie-bar  between 
the  steering  arms  is  commonly 
used,  but  for  the  purposes  of 
safety  double  ones  are  sometimes 
provided. 

Control.  In  order  that  the 
front  wheels  may  be  eontrolleti 
by  the  operator  a  nniiil>fr  of 
means  are  used,  the  most  common 
of  which  is  known  as  wheel  steer- 
ing. This  consisis  of  a  rotatahJe 
post  fitted  with  a  wheel  at  its  top 
end  and  with  a  crank,  jiinion,  or 
worm  at  its  lower  end.  Where 
the  crank  ia  used  a  connecting 
rod  connects  the  outer  end  of  the 
crank  with  one  of  the  steeririij 
arms  wJiich  project  from  the  steer- 
ing head.  Turning  the  wheel  to 
"^"^      '^'^  one  side  a  quarter  turn  throws  the 

leel.-i  to  their  limit  in  one  direction  from  the  center 
d  a  siriiiki-  opposite  turn  throMS  them  in  the  op|x>site 
vVa   commonly   arranged,  the    post   is    turned  in  the 


.direction. 
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same  direction  as  are  tlie  steering  nocks,  so  that  the  rear  of  the 
steering  wheel  moves  in  the  same  direction  as  the  rear  of  the  front 
wheels  of  the  vehicle.  In  the  earlier  forms  the  steering  post  was 
vertical,  but  it  is  now  considered  advisable  to  incline  the  post 
l>ackward  at  the  top  so  that  the  oj>erator'8  seat  need  not  l>e  so 
nearly  over  the  front  axle.     The  front  intl  of  many  vehicles  is 


.    Steering  Wheel  Shiiwliw  Tlini 


now  Utilized  for  the  motor  and  as  the  wht-els  art^  steeied,  ihe  front 
of  the  vehicle  moves  to  one  side  or  the  othiT  in  a  maimer  not 
found  in  horse  vehicles  and  not  coiiducivo  to  comfortable  rid- 
ing. This  objectionable  feature  is  not  found  farther  back,  on 
which  account  the  passcngtTs  an-  usually  carriiHl  iii'iiriT  to  the 
rear  axle.  In  some  vehicles,  the  vertical  post  Ih  e<piipj)«il  with  i 
tiller  or  rearwardly  projecting  lever.     This   was  formerh 
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used  on  li^ht  vehicles  and  is  a  simple,  natural  method  of  steering, 
but  not  so  satisfactory  as  other  methods. 

In  other  instances,  the  vertical  post  stands  at  the  center  of 
the  operator's  seat  or  at  one  side  thereof,  while  the  steering  lever 
projects  across  the  vehicle  in  front  of  the  operator.     This  gives  a 

j)Owerful  method  of  steering 
and  is  preferred  ])y  many  to  the 
tiller  steerintr. 

In  order  to  get  still  greater 
power,  double  levers  or  handle 
bars  have  been  used,  but  the 
preferred  method  is  the  wheel 
operated  by  both  hands  in  con- 
nection with  the  worm  or  pin- 
ion  at  the  bottom,  by  which 
arranorement  the  rotation  of  the 
post  is  not  confined  to  a  half 
revolution  but  is  usually  ar- 
ranged to  make  nearly  two  rev- 
olutions  and  in  some  cases 
more,  in  order  to  turn  the  steer- 
ing wheels  through  their  ex- 
treme movement.  It  will  ije 
understood  that  the  pinion 
meshes  into  a  slidincr  ruck  at- 
tached  to  the  proper  end  of  the 
connecting  rod,  and  that  the 
amount  of  movement  of  the 
front  wheels  depends  upon  the 
diameter  of  the  pinion. 

AMien  a  worm  is  use<l  thf 
arrangement  is  sliglitly  more  complex,  there  being  usually  a  se^r 
nivMit  of  a  gear  M(laj)te(l  to  mesh  into  the  worm,  so  that  a  qnarlt;- 
revc)luti()n  around  the  center  of  the  gear  is  ])roduced  by  the  two 
or  more  turns  of  the  steerintr  ])ost.  Attached  to  this  seifment  is 
an  Jirm  connected  usually  ])y  ball  and  socket  joint  to  the  connect- 
ing  rod.  The  advantage  of  this  construction  is  that  the  worm 
locks  the  front  wheels  of  the  vehicle  in  position,  against  deflection 


Fig.  li>.     Duryoa  Controlling  Lever. 

Swlnj:in^  the  lover  sidrwiso  pulls  tlu^  chnins  and  steers  tho 

whool.    Slitlint;  tho  Iwindic  wy  it  d>>\\n  shifts  Iho 

lover  Eotting  cithor  tho  lii^h  »ir  l"vv  olutch. 

TwiMiiiK  the  haiidlu  hhift'*  tho  rack 

which  Controls  th»'  thrMttlc. 
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by  obstacles  or  causes  other  than  the  will  of  the  ojK^mtor.  Thiw 
arrangement  is  known  as  lock  steering  and  is  proferriHl  by  some. 
The  free  steering  is  the  more  common  form,  however. 

A  further  form  of  steering  employs  a  vertical  leviu*  carriinl 
by  a  horizontal  pivot  at  the  center  of  the  seat  near  the  front,  and 
arranged  to  swing  sidewise  for  steering  ])urj)ose8.  TIuh  U*vor  Ih 
between  the  passengers,  does  not  interfere  with  mounting  or  diw. 
mounting,  is  in  position  to  be  operated  by  either  |)aHHt*ngt<r,  and  \h 
much  liked  bv  those  who  have  used  it  as  well  as  otlier  metluMlH. 
Being  patented,  it  is  employed  on  one  make  of  vehicles  only. 

Brakes.  Second  only  to  ability  to  go  is  the  |)()wi»r  to  stop,  on 
which  account  the  brakes  are  most  important.  A  wide  vari(»ty  of 
these  have  been  used  in  the  ])ast  but  ])ractically  all  have  Immmi 
abandoned  excepting  band  brakes.  A  tire  brake  conMiHting  of  a 
shoe  bearing  against  the  tire  of  the  wheel  is  conHidiM'ed  detriuHMi. 
tal  to  the  tires  and  does  not  hold  well  on  wet  riiblHT.  Hand 
brakes  are  applied  to  the  countershaft,  to  the  rtnir  Hjirrwki't,  to  the 
large  gears  of  the  balance  gear  and  to  the  huliH  of  the  wImm*Ih, 
They  are  of  two  varieties, — internal  or  exj)ari<ling  bandn,  and  ex- 
ternal or  contracting  bands.  In  tin?  (earlier  form  tlni  ext4«niHl 
band  was  commonly  used,  one  end  In-intj  i'lxt^l  to  the  frame  of  the 
vehicle,  while  the  other  was  attached  to  the  ojx'rating  lever.  Ap- 
plication brought  the  loose  end  in  eontar't  with  iIm*  n^volvifig  drum 
which  caused  the  l>and  to  tend  to  wind  it>*i'lf  around  tJMf  dnirii, 
forming  a  very  effective  brak«-  without  n'/juiring  a  gn-at  amount 
of  power  for  operation.  lliiH  form  wan  faulty  when  running 
backward  because  the  friction  of  the  lr>i^;  end  of  the  f/and  H^ft'iutti 
the  drum  tende^J  to  rel»-an<;  the  l/and.  with  the  n^^uli  ffial  hraki^ 
of  this  kind  bold  well  in  one  dir^r^'tion  but  not  in  ti**-  o^Ut-t, 

Most  fonii!?  of  )fH:A  brak*'-  no'A  hh-  a**a/'h<'d  a»  ♦h*r  tt,A*)U'  //f 
the  band.  leavinj/  tMAit  ♦-j/d*  for  oj^rr^?iof;,  Th;*:  n.^u't^  *h;j»  u*f 
matter  which  way  •:.»-  ***-:;>'.*'  >  mo.  ^?;^/, 'Jer  ht'^V*-  ;•'/;  •;«;,.  j//vi 
erful.  lDOD*fOr  ::.oV'  '.hru/*  t;,e  *.f^iA  ,*-  |/fo*»  >;<-«')  *-  *U  **'*'/  j/a^U 
of  suff^ffstl,  ou*r  of  V. :,>:,',  *j?»it>'>  r:,*r  **rH  t,  ^u  a  fo'i-js?/)  d  ,♦">"*;//?*, 
the  other  !!i  21  rr-'i-^r^i*-:  ^'/^   >..v'>r  v//^  ^^i.'U  ;*f^' <'/;  #^-  v   '/'/ '^^'^vj 

self  ft|j»plTiiig.     0;-:irr  ;>2fe»>rr  ^^;*/r>r«  ^.'/Vyfi^  ♦  va^^./;* 
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are  BonietinieB  applied  to  the  same  drum  afiSxed  to  the  liiibe.  This 
utilizes  double  the  surface  and  gives  enonnoas  braking  power. 
Many  varieties  of  arrangement  are  fonnd,  bnt  the  general  princi- 
ple is  the  same.  Brakes  are  nsoally  operated  by  foot  levers,  bnt 
many  vehicles  have  also  a  hand  lever. 

Two  methods  of  braking  are  considered  good  practice,  and 
most  vehicles  can  be  stopped  by  throttling  the  engine  or  applying 
the  pr(t|>er  cliitcb,  so  that  even  if  only  one  brake  is  ased,  a  second 
means  of  control  is  always  present.  Some  makers  believe  it  is 
better  to  tit  uiie  brake  only,  in  order  that  the  nser,  by  nsing  it 
daily,  may  not  only  know  its  condition,  bnt  may  be  trained  to  nse 


FIk.  so.    Drop  Rrftkp. 

it  instantly  and  automatically,  because  it  has  been  found  that  in 
emergencies  the  operator  forgets  special  features  like  an  emergency 
brake,  and  fails  to  use  them  even  though  be  had  depended  n[>oii 
them  to  tile  neglect  of  the  condition  of  the  more  eommonlr  used 
brake. 

To  prevent  movement  backward  in  case  of  failnre  of  the 
brakes,  ii  sprajj  is  eomniouly  used.  This  is  hinged  to  the  rear 
axle  of  the  vehicle  and  is  let.down  at  the  bottom  of  the  bill  so  that 
it  drags,  foniiiiiir  si  pawl,  whieh  at  the  lirst  backward  movemeiil 
of  the  veliicli'  digs  into  the  ground,  etfectually  stopping  movement 
Iwckward,  Home  vehicles  have  the  wheels  provided  with  ratchet 
teeth  and  a  pawl  to  engage  them  in  the  same  manner.  Others  de- 
[x>nd   on   brakes  only,  but  in  order  that  the  vehicle  may  be  left 
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standing  on  a  hill,  provide  the  brake  levers  with  ratchet  and  pawl 
to  hold  them  when  set. 

WHEELS 

There  are  few  more  important  parts  in  a  motor  vehicle  than 
the  wheels.  These  are  sometimes  made  of  steel,  much  like  bicycle 
wheels,  but  the  earlier  forms  were  made  too  light,  on  which  account 
this  style  of  wheel  has  been  largely  condemned.  The  same  fact 
applies  to  wooden  wheels  as  commonly  used  on  carriages,  with  the 
result  that  the  accepted  form  to-day  is  the  artillery  wheel,  a  con- 
struction having  wooden  felly  and  wooden  spokes  w^ith  large  butts. 
These  butts  join  each  other  forming  a  complete  circle  of  wood  at 
the  hub  and  are  gripped  between  flanges  of  metal  bolted  together 
through  the  wood.  Any  loosening  of  the  spokes  at  the  hub  is 
taken  up  by  tightening  the  bolts.  To  the  wooden  felly  is  attached 
the  metal  rim  which  engages  the  pneumatic  or  solid  rubber  tire. 
Some  w^heels  are  in  use  having  steel  spokes  and  some  ex{x?riments 
have  been  made  with  springs  instead  of  spokes  in  the  attempt  to 
gain  elasticity  in  the  wheel  instead  of  at  the  tire.  The  common 
wheel,  however,  is  the  artillery  form  described. 

It  is  a  noticeable  feature  of  motor  vehicle  wheels  that  they  are 
much  smaller  than  the  wheels  of  horse  vehicles,  although  the  loads 
carried  are  decidedly  larger.  The  reason  for  this  is  three-fold. 
Pneumatic  tires  are  costly,  so  the  vehicle  maker  to  save  first  cost, 
uses  a  small  wheel  with  consequently  small  and  cheap  tires,  and 
the  buyer  having  no  experience  assumes  that  this  must  be  best, 
after  which  the  maker  excuses  himself  by  saying:  ''The  public 
wants  it."  Small  wheels  are  doubtless  responsible  largely  for  the 
great  tire  and  mechanical  repairs  frequently  connected  with  motor 
vehicles,  and  also  with  the  lack  of  practicability  on  bad  roads,  in 
deep  snow,  and  similar  conditions,  successfully  negotiated  by  horse 
vehicles.  The  second  reason  for  small  wheels  is  the  fact  that  the 
motor  runs  more  rapidly  than  the  wheels,  which  necessitates  gear- 
ing,  and  large  wheels  require  a  greater  difference  in  gear  ratios 
than  do  small  ones,  thus  increasing  the  difliculty  of  the  builder. 
A  third  reason  for  small  wheels  is  their  greater  strength,  but  it 
seems  wiser  to  use  large  wheels  and  decrease  the  weight  of  the 
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parts  to  be  carried,  particularly  over  the  rough  roads  found  in 
idOBt  parts  of  Ainerica, 

Tires.  Since  motor  vehicles  depeud  upon  the  wheels  fur  pro- 
pulsion,  tires  having  great  tractiou  are  necessary,  particularly  if 
a  large  proportion  of  the  load  is  carried  on  the  front  wheels,  which 
must  be  pushed  by  the  rear  ones.  On  this  account  rubber  tires 
are  practically  necessary,  be- 
cause steel  tires  slip  on  every 
bit  of  ice,  on  iron  rails,  and 
even  oil  hard  pavemeots  unless 
caused  to  grip  by  spikes  or 
similar  projections,  which  are 
both  rough  and  noisy.  On 
some  vehicles  blocks  of  wood, 
presenting  the  end  of  the  grain 
to  the  street,  are  used  instead  of 
tires  and  are  found  more  dur- 
able and  lesti  expensive  than  rubber  and  leas  noisy  than  metal, 
while  giving  good  traction.  For  trucks,  such  tires  seem  well 
adapted.  Wide  heavy  tires  of  solid  nibt)er  are  also  used  on  heavy 
vehicles,  hut  the  piii'niiiatie  tire  from  '21  to  5  iiK-hes  in  diameter  h 
the  prevailiiit^  form.  These  not  only  give  traction  but  smooth  the 
road  vi-ry  piMVejitihly,  and  are  IJierefore  well  adiipteii  to  high  s[>eed. 
Allhoiigh  many  other  styles  are  constantly  l>eiiig  tried,  sneh  as 
various  f(»rma  of  arehed  or  cushioneil  tires, 
also  tires  having  steel  sjiringa  for  resiliency, 
the  pneumatic  tire  is  almost  universal. 

This  was  formerly  uiost  common  in  the 
Mingle  tube  shape,  but  of  later  years  tiie  de- 
tachable tire,  eonwisling  of  an  outer  shoe  or 
casing  with  a  renjovalile  air  tube,  has  lieeoine 
the  favorilf.      lletal  runs  are  nowadays    pro-  nrt-  (or  Lieht 

vided  with  one  .'^ide  removable,  which  jjerniita  ^mii-i^. 

the  tire  to  wlip  off  easily,  after  which  the  air  tube  can  be  re- 
paired or  a  ]iatf!i  laid  on  the  inner  aide  of  the  casing.  Three 
common  forms  of  tires  are  in  use  at  present. 

The  Clincher  tire  is  so  called   because  as  tirst  constructed, 
its  edges  were  provided  with  hooks  or  clinchera,  which  engaged 
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Fig.  S8.    CllDcher  Tire. 


similar  books  aloDg  the  edge  of  the  rim.     As  now  constructed 
theae  are  practically  aba tmeuts  resting  against  the  upturned  edges 
of  tbe  rim,  the  tire  being  held  down  in  the  rim  by  its  constrictive 
febric,  which  canses  it  when  in- 
flated to  shorten   in  length  and 
grip  the  rim  forcibly.    Clincher 
tires     are    sometimes    held    in 
place  more  positively  by  large- 
headed  bolts,  which  clatnp  the 
edges  ot  the  casing  between  the 
heads  and  tbe  sides  of  the  rim 
and  prevent  the  tire  from  lift- 
ing and  blowing  out  of  tbe  rim 
when  turning  corners  at  speed, 
or  when  partly  deflated. 

The  wired  tire  has  an  end- 
less wire  fitted  in  each  edge.     This  wire  is  jiiat  large  enough  to 
pass  over  the  base  of  the  rim  and  cannot  pass  over  the  flange  or 
side  when  in  place.     In  this  form  the  wire  performs  the  duty  of 
holding  tbe  tire  to  the  rim,  so 
that    tbe   fabric   is  called  upon 
only  to  retain  the  air  pressure 
within  tbe  tire  and  may  there- 
fore  be  less  strained  than  in  tbe 
constrictive  form  where  it  must 
both  bold  the  air  and  also  the 
tire   itself,   thus    performing   a 
double  duty.     A  third  form  has 
its    edges    clamped    along    tbe 
sides  of  the  rim  by  mechanical 
means.     This  is  a  most  jHtsitive 
fastening,  effectually  preventing 
creeping,  rolling,  or  blowing  off. 
but  it  is  not  so  quickly  removed 
'*'wn™..ji!!!r'>.if<^,  J"' -bt'u»'         for  repairs  as  is  the  wired  tire 
i.K™M.riw«.iii~.iipaBf™i,,  with  removable  flange  to  the  rim. 

With    tires   as  with    wheels,  the    size    is  important.     The 
strength  of  rubber  and  fabric  is  quite  limited  and  a  surface  sufli- 
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cieiitly  hTgo  to  support  the  load  without  damage  to  the  rubber, 
must  In)  provided  if  tbu  tire  is  to  be  durable.  The  coostant  bend- 
ing of  tlie  tire  in  the  performance  of  its  doty,  wears  out  both  fabric 
and  riibbtr  rfsultiug  in  bursts  and  blow-oats,  while  danger  of 
puncture  is  always  present.  These  objections  are  best  overcome 
bv  the  11!^)  of  tires  of  small  diameter  in  cross  section  on  wheels 
of  Inrpe  diameter.  In  this  form  the  contact  on  the  ground  is 
quite    long,    thus     securing 


large  supporting   surface ;    the 


wheel    revolves    lees    tiui 


I  i)er 


mile,  thus  bending  the  tire  le^s 

often,  as    well    as  allowing  the 

heat  caused  by  the  bending  of 

the  tire  to  dissipate;  and  finally. 

the  narrow  tire  is  less  likely  to 

pnncture,  for   it   does    not  pass 

over  so  wide  an  area  and  there. 

fore  encounters  proportionately 

nctnre.     Further,  it   meets    less 

id  gravel,  skids  less,  and   therefore 

11   tire   which    slips  and  skids  more  fre- 

buse  rather  than  use  which  daiimges  am 

of    large  section    on  a  small  wheel    !i;is  ;i 

ground  and  slides  like  a  funw 

\y  in   any  direction   and   thus  contributes   to   i:kiil<li]j>j. 

Ihe  lurge  wheel  with   narrow  lire  is  more  like  a  slei;:li 

I  less  likely  to  skid  sidewise.     The  large  wheel  rolU  oiil 

inns  easily  instead  of  slipping  around  in  them,  and  it  is 

y  niiiny  that  skidding  and  rapid  wear  ai-e  largely  fomul 

nditiuns. 

brake  wilt  frequently  start  skid- 
destruction.  The  saiiif 
s  In  sndden  or  jerky  applications  of  the  ]>ower.  On 
i1ii.'4  aeeouiii  thi'  i)|H'iittor  should  cultivate  handling  the  vehicle 
snuKilliIy  without  jerks  or  abuse.  In  case  of  skidding,  tninimize 
the  trouble  by  Ciising  the  brake  or  partly  shutting  ofT  the  powiT, 
iind  at  the  sarue  lime  swinging  the  steering  wheels,  so  as  to  carry 
the  front  end  to  the  same  side  as  the  rear.     Jamming  on  the  brake 


believeil  by 
under  the 'si 

A  siuhU-n  appliealion  of  tli 
ding,  and  this  is  known  lo  conduce  to  til 
ivmurk  :, 
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or  shutting  off  the  power  suddenly  is  liable  to  make  the  matter 

worse. 

IGNITION. 

One  of  the  most  important  features  of  the  gas  engine  is  the 
ignition.  It  is  also  the  most  delicate,  and  therefore  the  first  place 
to  look  for  trouble  when  things  go  wrong.  Present  day  autos  make 
use  of  one  of  three  systems  of  ignition  and  some  are  fitted  with  two 
forms  so  as  to^  have  reserve  if  one  form  fails.  In  America  the 
make  and  break  spark  was  the  earliest  form  and  has  been  con- 
tinued by  one  maker  until  the 
present.  This  form,  also  called 
the  wipe,  touch,  contact  or  kiss 
spark,  employs  two  electrodes 
within  the  cylinder,  one  of 
which  is  usually  insulated  in 
a  fixed  position,  while  the 
other  is  not  insulated,  but  is 
movable  and  arranged  to  come 
in  contact  with  the  fixed  elec- 
trode and  be  separated  at  the 
moment  the  spark  is  required. 
In  some  cases  the  movable  electrode  is  insulated  instead,  and  in 
still  other  cases  both  electrodes  are  insulated. 

The  electric  circuit  from  a  battery  or  other  source  passes  di- 
rectly through  these  electrodes,  but  in  order  that  the  spark  may  be 
rendered  more  intense  than  would  otherwise  result,  it  is  customary 
to  introduce  a  simple  coil  into  the  circuit,  except  in  such  cases  as 
do  not  need  this  because  of  the  nature  of  the  generator.  The  low 
tension  alternating  magneto,  for  example,  needs  no  coil,  the  wind- 
ings and  core  of  the  armature  serving  this  purpose  perfectly.  A 
shunt-wound  dynamo  will  also  give  a  large  spark  without  the  use 
of  a  coil  if  the  contact  is  but  instantaneous.  The  coil  used  with  a 
half  dozen  cells  or  with  direct-current  magnetos  or  dynamos  is 
identical  with  that  used  for  lighting  gas  in  dwellings.  It  consists 
of  a  core  of  soft  iron  wire,  5  to  8  inches  long  by  about  1  inch  in 
diameter,  wrapped  with  four  to  ten  layers  of  insulated  copper  wire 
■f^  inch  diameter.  When  a  current  passes  through  this  coil,  the 
core  is  saturated  with  magnetism,  thus  storing,  as  it  were,  the  en- 
ergy of  the  current.    When  the  circuit  is  broken  at  the  electrodes 


Fig.  56.    Make  and  Break  Ignition. 
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by  separating  them,  the  magnetism  in  discharging  from  the  core 
induces  a  very  intense  current  in  the  coil,  which  jumps  the  gap 
between  the  electrodes,  making  a  spark  so  intensely  hot  that  even 
heavy  cylinder  oil  is  varporized  and  any  reasonably  explosive  mix- 
ture is  ignited  with  certainty. 

The  movable  electrode  is  operated  by  any  suitable  mechanism, 
which  differs  in  different  designs,  but  it  is  a  common  practice  to 
bring  the  points  together  by  a  strong  spring  and  to  separate  them 
by  a  blow  as  from  a  hammer.  The  coil  used  must  both  charge  and 
discharge  quickly  in  order  to  be  suited  to  high  speed  work,  and  since 
the  spark  is  caused  by  the  discharge,  the  points  must  be  separated 
far  enough  (nearly  ^  inch),  to  give  ample  room  for  the  spark  before 
the  strength  of  the  discharge  has  been  spent,  so  that  in  this,  as  in 
the  vibrator  of  the  ordinary  jump  spark  coil,  a  sharp,  quick  break 
is  an  essential  feature.  The  moving  parts  must  also  be  light  in 
order  that  they  may  move  quickly.  The  merits  of  this]system  have 
compelled  recognition  from  the  best  makers  and  it  now  seems  likely 
to  supersede  the  jump  spark  on  high  grade  vehicles. 

In  France  the  jump  spark  was  used  as  early  as  1862  by  Lenoir, 
and  later  by  Benz  in  Germany.  It  was  brought  to  its  most  suc- 
cessful form  on  hi^^li  speed  motors  by  DeDion  and  Boutou  about 
1896  and  its  success  on  the  many  little  tricycles  turned  out  by  this 
concern  gave  it  an  impetus  into  public  favor,  which  it  has  largely 
since  retained.  In  this  system  the  two  electrodes  are  both  fixed, 
generally  in  the  form  of  a  plug  which  may  be  screwed  into  the  wall 
of  th<^  cylinder.     Usually  one  electrode  only  is  insulated,  but  both 

are  insulated  in 
some  cases  and 
connected  to  the 
two  high  tension 
terminals  of  the 
jump  spark  coil 
or  transformer. 
This    coil   is 

Fig.  r>7.   Section  of  J  lira  p-spark  Coil.  quito    Complica- 

ted and  consists  of  a  primary  winding,  forming  part  of  a  primary 
circuit-  the  equivalent  of  the  circuit  employed  on  the  make  and 
break  system — a  condenser  connected  across  the  primary  circuit 
on    op}X)site  sides  of  the  circuit    breaker,    and  a  secondary   coil 
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jmrallel  to  the  primary,  but  much  longer  and  of  finer  wire. 
The  theory  of  this  coil  is  that  when  a  current  is  passed  through 
a  wire  it  will  induce  a  current  in  another  wire  'parallel  to 
the  first.  Whan  the  circuit  is  broken,  the  core  of  the  coil 
being  saturated  and  discharging,  as  in  the  primary  coil,  induces 
a  very  strong  electric  impulse  in  the  long  secondary  coil,  with 
the  result  that  a  spark  will  jump  a  considerable  gap  between 
the  electrodes  to  which  the  terminals  of  the  secondary  coil  are  con- 
nected.  Because  of  this  ability  to  jump,  the  system  takes  its  name. 
In  the  primary  circuit  of  both  systems,  the  induced  current  tends 
to  jump  where  the  circuit  is  broken,  but  in  the  secondary  circuit 
the  induced  current  must  jump  the  permanent  gap  because  the 
terminals  do  not  move. 

In  order  to  avoid  the  large  spark  at  the  breaker  or  vibrator  in 
the  primary  circuit,  a  condenser  consisting  of  many  layers  of  tin 
foil  insulated  from  each  other  by  waxed  paper,  is  arranged  with 
alternate  sheets  connected  to  the  terminals  of  the  primary  circuit 
on  opposite  sides  of  the  circuit  breaker.  This  device  in  effect  pre- 
vents the  discharge  of  the  core  from  expending  itself  by  producing 
a  current  in  the  primary  circuit,  and  tlierefore  increases  or  con- 
denses the  spark  in  the  secondary  circuit. 
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■® 


Batteries      — 


Primary  Wire 


Fig.  58.    wiring  Diagram  of  Jump*Spark  Ignition. 

In  the  simplest  forms  of  jump  spark  ignition,  the  x^rimary  cir- 
cuit breaker  is  operated  by  the  mechanism  of  the  engine,  which 
causes  the  primary  circuit  to  be  broken  when  the  spark  is  desired, 
just  as  in  the  make  and  break  system.     Since,  however,  better  re- 
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suits  tiTv  obtaJDL'd  by  cloeing  and  breaking  this  circuit  at  a  cerUiin 
rate  of  spocd,  than  at  other  rates,  it  is  now  most  common  to  em- 
ploy vibrator  coils  which  have  a  sprinK  arranged  to  cloee  the  cir- 
cuit and  employ  the  magnetism  of  the  coil  to  attract  the  spring, 
wht:n  the  core  is  saturated,  and  thus  aatomstically  break  the  cir- 
cuit, resulting  in  a  coatinuous  vibration  or  buzzing  with  an  ac- 
couipaoying  stream  of  sparks.  With  this  arrangement  it  is  neces- 
sary to  break  the  primary  circuit  in  order  ,to  stop  the  sparks  when 
not  wanted,  and  to  this  end  a  timer  is  operated  by  the  engine  in- 
sb^ad  o£  the  mechanical  breaker.  By  means  of  this  timer  the  car- 
rent  is  connected  at  the  proper  time  and  the  vibrator  produces  one 
or  more  sparks,  one  only  at  high  speeds  and  several  at  very  low 
speeds,  as  when  starting.  This  timer  is  usually  adjustable  bo  that 
the  circuit  may  be  connected  earlier 
or  later  as  compared  with  the  move- 
ment of  the  engine  by  which  ar- 
rangement it  is  possible  to  produce 
the  spark  as  desired,  either  after 
the  piston  has  passed  the  dead 
center,  or  more  or  less  before  the 
dead  center,  in  some  cases  45  de- 
h  grecs  ahead. 

F.g.».  j«»p.5p..kcoii.  '^.•>*'  °^J^t  °*  ">^  advance- 

ment  is  two-fold.    The  jump  spark 

is  so  sinall  tluit  the  ignition  of  the  explosive  chsii^f  begins  slowly. 
Swond,  the  tinu;  ri'quired  by  the  vibrator  after  tin-  primary  circuit 
is  foiiiK'ctcil.  is  deix^udeiit  upon  the  ailjustment  of  the  vibruter 
hut  iiijiy  be  smh  jwirt  of  a  st^cond  (usuiilly  .004  to  .<X).'»)  that  the 
trruiik  sliiift  will  have  moved  ,'),  10  or  even  mort;  degn;os  of  angu- 
larity b'fore  the  spark  takes  place.  This  hig  is  i)articularly  no- 
ticeable when  the  vibnitor  has  just  broken  connection  aa  the  timer 
m;ide  connection,  the  result  being  that  the  spark  cannot  occur  mitil 
.the  vibrator  spring  has  made  one  movement  and  swung  biick  into 
contact  long  I'liougji  to  charge  the  coil. 

This  condition  frequently  exists  with  the  result  that  igni- 
tion t^ikes  pliieo  at  various  times  instead  of  at  a  fixed  jwint, 
as  with  the  make  and  break,  utkI  tlie  position  of  the  timer  dot's  not 
repn-sent  the  average  ignition  jxwition  but  rather  the  advanced  po- 
sition with  average  cases  ninch  behind  and  extreme  cases  still  more 
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so.  Kec(^aiziiig  tbis  effect,  jump  spark  users  are,  to  some  extent, 
employing  a  single  coil  on  multiple  cylinder  engines  and  distrib- 
uting the  secondary  spark  from  one  plug  to  the  next  by  a  well  in- 
sulated commutator  or  distributor,  so  that  the  average  position  of 
ignition  may  be  the  same  on  all  cylinders.  If 
separate  coils  with  separate  vibrators  are  used,  the 
difference  in  the  vibrators  causes  a  different  average 
position  of  ignition  and  since  the  multiple  point 
timer  cannot  be  adjusted  for  one  cylinder  inde- 
pendent of  another,  the  result  is  a  slight  difference 
in  the  strength  of  operation  of  the  different  cylin- 
ders. 

Since  the  secondary  or  high  tension  current 
of  the  jump  spark  system  is  of  sufficiently  high 
voltage  (10.000  to  25,000)  to  jump  the  gap  between  I 
the  electrodes  while  the  cliarge  is  under  compres- 
sion, it  will  jump  a  very  large  gap  in  the  ojx-n  air, 
and  must  therefore  be  very  carefully  insulated- 
Rubber  covered  wire  1  inch  or  mont  in  diameter  is 
commonly  used,  the  wire  itself  biMiig  very  sniidl. 
The  i>lugs  are  usually  of  glazed  porcelain  or  of 
tightly  rolled  mica  or  in  some  instjinces,  of  lava  or 
other  heat  resisting  materials.  The  gap  between  J""'p '>i"''"''"b- 
the  electrodes  or  spark  ixtints  is  usually  a'a  inch,  or  slightly 
more,  and  a  spark  to  successfully  ignite,  under  the  influence 
of  the  resistance  of  the  compressed  charge,  should  have  sufficient 
enei^  to  jump  §  or  J  inch  in  the  oiien  air.  A  leakage  of  eli«- 
tricity  from  the  high  tension  circuit  can  usually  be  seen  in  the 
dark  by  a  slightly  hmiinous  brush-like  dischai^.  and  indicati*  a 
[Kiint  where  the  insulation  should  be  improve<l  if  the  best  results 
are  desired. 

A  third  system,  which  has  attained  some  prominence  recently, 
is  the  magnetic  make  and  break,  commonly  callwl  the  magnetic 
plug.  In  this  device  the  magnetism  of  the  primary  coil  or  of  an 
auxiliary  primary  coil  is  used  to  separate  the  movable  electrode 
from  the  fixed  electrode  instead  of  the  separation  being  made  by 
mechanical  means.  A  tinier  is  necessary  in  the  circuit  for  the  cir- 
cuit is  commonly  closed  and  must  be  broken  by  the  timer  to  pre- 
vent a  continuous  succession  of  sparks.     The  fault  of  this  device 
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is  that  it  is  not  well  adapted  to  currents  of  varying  strength,  as  for 
example,  the  current  from  a  generator  driven  by  the  engine;  be- 
cause in  starting,  the  ei^ne  cannot  be  turned  fast  enough  to  pro- 
duce a  strong  current  and  the  magnetic  plug  will  not  operate,  or  if 
adjusted  to  operate  on  a  weak  current,  it  operates  continuously  on 
a  small  saturation  of  its  magnet  and 
breaks  the  circuit  before  the  core  is 
properly  saturated  as  is  required  for 
large  spark.  To  overcome  these  de- 
facts,  a  two  circuit  device  has  been 
used,  both  primmary,  and  not  compli- 
cated. One  circuit  operates  the  make 
and  break  while  the  other  is  a  spark- 
ingcircuitpureandsimple.  Themag- 
netic  plug  is  believed  to  combine  to 
a  lai^e  degree,  the  good  features  of 
both  the  make  and  break  and  jump 
systems  and  with  suitable  develop- 
ment will    doubtless    have    a    lara» 

Fig.al.    M«gnelic  Sp«rk-Plug.  ,    , 

future. 

The  hot  IuIm-  ignition  used  by  Daimler  and  others  until  the 
beginning  of  this  century  is  now  Sfldoui  found. 

Galvanic  Cells.  The  earliest  source  of  current  was  galvanic 
cells  employing  a  liquid  electrolyte.  These  were  sloppy,  short 
livetl  and  vc-ry  uupleasjiiit  to  handle,  because  of  the  nature  of  the 
electrolyte,  which  was  either  sulphuric  acid,  caustic  soda,  sal  am- 
moniac, or  eoniething  of  this  nature.  Such  batteries  have  been  rc- 
placinl  by  dry  cells  jKicked  solid  iind  simply  moistened  with  a  sal 
ammoniac  solution.  These  are  not  likely  to  leak  even  when  placed 
on  their  sides  because  of  the  small  proportion  of  liquid  contained 
by  them.  They  are  cheap  in  price  and  because  of  their  use  in  tele- 
l)hono  service,  are  purchasjible  almost  everywhere.  They  deliver 
their  output  under  a  tension  of  one  to  one  and  one-half  volts  and 
therefore  reciuire  a  less  number  in  series  than  most  wet  cells.  The 
ordinary  make  and  break  coil  is  designed  to  operate  with  from  6  to 
10  volts  and  2  or  more  amperes,  although  very  satisfactory  results 
can  be  obtained  with  much  less.  The  jump  coil  is  usually  wound 
for  four  to  eight  volts  and  gives  best  results  if  the  amperage  is 
quite  lai^e.     Four  to  six  cells  in  series  is  the  customary  battery, 
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and  good  practice  makes  use  of  tvo  or  more  series  alternately  until 
all  are  perceptibly  weakened,  after  which  two  series  are  connected 
in  parallel  or  multiple  which  doubles  the  strength  (amperage), 
while  maintaining  the  proixT  voltage.  As  the  voltage  of  the  cells 
decreases,  connecting  an  additional  cell  in  series  is  advisable. 

Some  users  prefer  storngo  cells  known  i<s  accumulators  or  sec- 
ondary batteries.  These  cells  deliver  two  volts  each,  and  since  the 
internal  resistance  is  low,  they  will 
deliver  a  large  quantity  of  current 
and  thus  make  a  strong  Btuirk.r 
They  are  prepared  in  small  sets  I 
suitable  for  ignition  purposes,  giv- 
ing four  to  ten  volts,  and  nlthongh 
heavy,  are  quite  reliable.  Their 
first  cost  is  greater  than  dry  cells 
and  the  cost  of  recharging  is  fre- 
quently as  much  as  a  new  set  of 
dry  cells.  They  nn-  pmbably  most 
satisfactory  when  uscil  in  connec- 
tion with  a  direct  current  magneto 
or  dynamo,  by  which  tliuy  an-  kept 
fully  charged  and  able  to  give  a  strong  sjMirk. 

Mechanical  Qenerators.     An  early  form  of  mechanical  gen- 
erator was  a  small  shunt-wound  dynauio.     These  are  used  to  a  con- 
^■^^^^^^^k  sideruble  estent  and  not  only  give 

^B^^^^^^^^^^L         l>>rge  sparks   for  both   the  jump 
^^H^^^^^^^^Hl         and  make  and  break  systems,  but 
^^^^I^^^^^^^^H         also  serve  to  chai^  battctries,  light 
^^^KSM^^^^^^^^Ki         electric  lamps,   operate    magnetic 
^P^P'^iV^^^^^H«^  clutches  and  even   operate    mag- 
r       jtl  ^^^Hf^^  ^^^^^  horns. 

^^^^■U  ^It  '^^^    moat    common   form   of 

^— d^^p^^^M^^T  mechanical  generator  is  the  direct- 
current  magneto,  which  differs  from 
Fig.  «s.  Direct-Current  MafEDcto  the  dyuamo  in  that  the  field  is 
composed  of  permanent  magnets.  These  generate  current  at  lower 
speeds  than  the  dynamo  and  the  current  does  not  increase  in 
quantity  with  the  speed  to  so  large  an  extent,  on  which  account 
it    is   better  adapted  to   the   varying  conditions   of  auto  work. 


LUlator  for  Gu  Engine 
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It  is  customary  to  drive  these  direct-carrtnt  generators  by 
friction  pulley  in  contact  with  the  fly-wheel,  and  some  form  of  gov- 
ernor is  provided  to  withdraw  the  pidlcy  from  contact  and  thas 
prevent  the  generator  being  driven  at  excessive  spL-uds,  and  yet  be 
driven  by  tlie  small  pulley  at  a  speed  fast  enough  to  spark  whtn 
the  engine  is  running  slowly.  It  is  quite  common  to  nse  these  de- 
vices for  starting  the  engine,  but  in  many  cases  a  battery  of  dry 
cells  is  provided  which  makes  starting  somewhat  easier. 

The  alternating  magneto  will  produce  two  sparks  or  electrical 
impulses  at  each  revolution  of  the  armature,  and  in  order  that 
these  may  occur  at  the  proper  time,  it  is  positively  driven  by  gears. 
This  form  hits  no  brushes  and  only  one  contact  from  which  the  li\'e 
wire  is  carried.  The  discharge  of  the  armature 
serv's  the  same  purpose  as  a  spark  coil,  so  no 
spark  i-oil  nin-d  be  Tised.  As  ordinarily  made, 
these  an'  about  twice  as  heavy  as  the  direct-current 
miigneto  iinil  will  give  a  spark  at  as  low  as  50  or 
T-"i  revolutions  per  minute,  whereas  the  direct-cur- 
rent magneto  reKjuires  five  times  this  speed  to- 
curreni  Mdgueia.  geuenite  a  st>ark  sufficiently  strong  for  ignition. 
Of  iTOurse,  neither  magneto  will  spark  properly  at  sach  speeds,  the 
alt^Tnator  usually  requiring  several  hundred  revolutions,  while  the 
direct  current  device  or  the  dynamo  are  usually  driven  above  1000. 
In  case  of  trouble  the  brushes  or  contact  points  are  usually  at 
fault.  Tiie  contact  surfaces  will  fret^uently  l>e  found  dirty  and 
glazed  ill  a  niiiniuT  to  |ireveiit  tlie  jHissage  of  current.  Sometimes 
a  hit  (if  iron  allracted  by  the  magnetism  forms  a  short  circuit 
jieross  simie  insulate<l  [wirts.  The  bearings  should  be  carefully 
wateliei!,  for  if  nitich  worn  the  arnniture  will  strike  and  rt^luce  tlu' 
s|iei'(l,  or  if  dry,  tlie  friction  of  the  bi'arings  will  be  greater  than 
that  of  till'  driving  jiulley  and  the  speed  will  be  too  low  for  regular 
iirtiitioii.  If  tlie  imlley  surface  is  dry,  apply  belt  dressing  ora 
Ira'c  of  hriivy  oil;  but  if  greasy,  apply  jjowdered  common  chalk, 
iirsin  is  soiiietiiites  Used,  but  if  the  Hy. wheel  surface  is  hot  it  is  not 
satisfactory,  becaus<'  it  is  oily  when  hot  and  increases  the  slip- 
])ing.  These  ri'miirks  also  apply  to  friction  driving  gears. 
PUMPS. 
l'nni|)S  are  usually  one  of  three  varieties,  centrifugal,  vane,  or 
gifur,  although  n-ciprocating  i)lnnger  pumps  are  occasionally  used. 
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The  centrifugal  pump  ia  usually  5  or  6  inches  in  diameter  by  1 
inch  thick,  with  a  revolving  vane  driven  by  a  shaft  which  projects 
through  a  stuffing  box  forming  one  end  of  the  axis  of  the  pump. 
The  water  is  admitted  at  a  central  opening  on  the  opposite  side  of 
the  case  and  leaves  the  case 
through  a  tangential  opening 
on  the  edge.  These  pumps 
are  not  easily  clt^ed,  have 
no  parts  to  wear  or  be  noisy, 
employ  no  valves,  and  do  not 
impede  the  natural  circulation 
of  the  water  if  for  any  reason 
they  cease  nirming.  They 
are  quite  usually  driven  by 
Fig.  a.  Vane  Pump.  frictlou  pulley  und  are  gener- 

ally speeded   to  300   revolutions   per   minute  or   faster. 

The  vane  pump  is  souu^wlmt  smaller  in  diameter  but  of  great- 
er thickness  and  has  the  ciising  eccentric  with  respect  to  the  shaft. 
The  inner  end  of  the  shaft  is  enlarged  concentriciilly  to  meet  the 
closest  inner  surface  of  the  casing,  and  a  slide  or  vane  is  forced 
by  the  revolution  of  the  shaft  alter- 
nately back  and  forth  through  this 
enlarged  end.  This  slide  is  frequently 
divided  at  its  center  and  fitted  with  a 
spring,  which  keeps  the  ends  in  con- 
tact with  the  inner  circumference  of 
the  case  at  all  times.  The  inlet  and 
outlet  are  tangentially  placed  on  either 
side  the  contact  point  of  the  enlarged 
shaft  end.  The  vane  ends  wear  rapidly 
if  the  water  contains  grit,  and  small  *"'*'  *■  ^'"  ^"°''- 

obstacles  are  likely  to  do  damage.  This  form  of  pump  is  usually 
driven  by  gears  or  attached  directly  to  Ihe  cam  shaft  or  similar 
part  of  the  motor. 

The  gear  pump  consists  of  two  gears  of  coarse  pitch,  meshing 
together  and  revolving  in  a  figure  -8-  shaped  case,  the  inlet  being 
on  one  side  of  the  center,  the  outlet  on  the  other.  The  liquid  is 
carried  by  the  tooth  spaces  around  the  ends  of  the  H  but  cannot  re- 
tnm  between  the  gears  because  crowded  oat  of  the  spaces  by  the 
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meshing  of  the  teeth.  This  pump  has  no  valves  but  like  the  vam* 
pump,  is  liable  to  damage  if  foreign  matter  is  permitted  to  enUT, 
and  it  is  of  small  capacity  in  proportion  to  its  size.  These  pump 
shafts  are  fitted  with  stuffing  boxes  to  prevent  leakage  of  watiT 
around  the  shaft.  Prepared  packings  are  usually  supjJied  for 
these  boxes,  but  candle  wick  filled  with  tallow  or  other  heavy 
gn»ase  is  quite  commonly  used. 

Reciprocating  pumps  employing  piston  and  check  valves  are 
sometimes  used  but  not  frequently,  although  common  in  launches. 

Failure  of  the  pump  to  work  is  usually  manifested  by  rapid 

boiling  of  the  water,  smoking  of  the  lubricating  oil,  and  in  extreme 

cas(?s,  by  loss  of  jxjwer,  premature  ignition,  with  pounding,  and  the 

symptom  of  stiffness  in  the  engine  when  turned  by  the  starting 

crank.     An  air  or  steam  trap  or  jxx^ket  is  often  responsible.    Drain 

the  system  and  refill  taking  care  to  get  out  all  air.      If  clogged  by 

solid  material  the  pump  must  be  opened  although  turning  backwards 

may  relieve  it  temporarily. 

AIR  FANS. 

For  air  circuhition  the  ordinary  screw-blade  fan  is  most  common. 
This  is  seldom  constructed  with  less  than  four  blades  and  gener- 
ally, in  order  that  it  may  not  be  of  great  thickness  in  proix)rtion 
to  its  (liainetcr,  it  has  eight  to  tw(4ve  or  even  more  bhides.  It  is 
usually  mounted  on  ball  bt^arings  commonly  run  by  V  or  round 
belts,  although  tlat  belts  and  spur  gears  are  sometimes  used. 

Next  in  fre([uency  of  use  is  the  practice  of  making  the  sjxjkes 
of  the  tlv- wheel  serve  as  fan  blades  and  thus  avoid  the  fan  with  its 
extra  i^arts,  high  sp'ed,  add("d  bearings  and  extra  oil  cn^js.  The 
ns(^  of  a  centrifugal  fan  or  blower  has  been  attended  witli  gcx^l 
results  and  is  advisable  when^  much  pressure  is  preferred  rather 
than  large  volume  of  air.  In  some  instances  the  energy  of  the  ex 
haust  has  been  used  to  induce  a  current  of  air  and  cause  this  to 
assist  the  cooling  without  additional  mechanical  pirts. 

Both  punii)  and  fan  troubles  usually  arise  from  failure  to  Ix' 
driven,  generally  because  of  slipping  of  tlie  belt  or  friction  pulley, 
or  because  some  obstacle  inqKnles  the  movement  of  the  pump  or  fan. 
Pumps  sometimes  cease  to  work  because  they  fill  with  steam,  which 
leaks  back  through  the  punq)  as  fast  as  it  is  forced  fonN'ard.  The 
remedy  is  usually  obvious  and  the  trouble  is  noticed  when  symj)- 
toms  of  overheating  in  the  engine  appear. 
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BODIES. 

The  bodies  of  most  autos  have  one  common  feature,  i.  e.,  the 
operator's  seat.  This  was  formerly  placed  well  to  the  front,  as  in 
horse  vehicles,  but  because  of  the  sudden  sidewise  movement  of  the 
front  end,  due  to  steering,  this  seat  was  found  more  comfortable  if 
placed  further  to  the  rear,  and  since  many  owners  are  also  drivers 
of  their  own  vehicles,  the  operator's  seat  is  usually  at  mid-length 
of  the  vehicle.  The  motor,  originally  under  the  floor  of  the  vehicle, 
is  now  quite  commonly  placed  vertically  in  front  and  covered  with 
a  bonnet,  which  utilizes  the  available  space  in  front  of  the  oper- 
ator. On  this  account  additional  seating  room  is  secured  at  the 
rear,  over  and  frequently  behind  the  rear  axle.     In  some  vehicles, 

ft 

as  in  the  Orient,  and  Adams-Farwell,  the  motor  is  at  the  extreme 
rear,  near  the  rear  axle,  while  the  passengers  are  carried  between 
the  wheels  as  in  the  horse  vehicle  ;  a  sensible  and  practical  arrang- 
ment. 

The  form  of  additional  seats  has  been  a  matter  of  wide  differ- 
ence of  opinion.  Some  early  vehicles  had  a  front  seat  facing  rear- 
ward. Later  the  dos-a-dos  was  considerably  used  because  it  per- 
mitted an  unbroken  space,  under  both  seats,  for  the  mechanism. 
The  dust  and  exhaust  gases  behind  the  vehicle  would  arise  un- 
xJeasantly  in  the  faces  of  the  passengers  and  this  rendered  such 
seats  unpopular.  Rear  seats  oppositely  facing  were  next  tried  and 
this  form  gave  way  to  the  "tonneau,"  having  a  seat  on  each  rear 
comer  much  resembling  two  water  barrels,  from  whence  the  name. 
A  door  between  these  seats,  opening  at  the  rear,  completed  th  is 
form,  but  the  necessity  of  dismounting  in  the  street  when  the  vehi- 
cle stood  alongside  the  curb,  soon  destroyed  its  popularity. 

Side  door  rears  with  an  occasionally  a  side  door  front  now 
prevail.  This  is  a  much  nearer  approach  to  the  common  horse  sur- 
rey, audit  seems  lik(^ly  that  the  satisfaction  found  by  horse  users 
will  be  accepted  by  auto  users  and  doors  done  away  with  except  in 
the  heavier  and  more  elaborate  vehicles. 

Emergency  Seats.  For  t(»nqK)rary  incn^ased  seating  capacity, 
emergency  seats  an*  quite  conmion.  The  high  cost  of  the  auto  as 
compared  with  horse  vehicles  makes  it  necessary  that  one  vehicle 
should  serve  several  purposes  ir stead  of  there  being  providt^l  a 
variety  of  vehicles.  When  the  mechamism  was  carried  at  the  rear, 
a  front  seat  usually  facing"  forward  and  arranged  with  folding  foot 
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!'-)ini1  itiiil  l)iii-k  wits  qaite  common,  This  was  directly  over  the 
Trotit  iixlf,  rtxlc  Ujipleasnntly,  required  lap  robs  to  protect  ladies' 
'  find  childreti'B  skirts  From  th(>  wind,  and  exposed  the  passengers  to 
dan^'fs  oF  coIliRion  nud  scary  horses,  as  well  as  getting  theni  in 


I'lB.nr.    Amngement  of  lUtn  ScaL 

tlu'  w;iy  of  till'  oiMTiitor's  vii<ion,     Seats  facing  the  rear  are  stOI 

Till-  rohliri};  niir  liiis  bcuii  rt'cently  introdnced  and  converts  the 
rnii;il)c>iit  into  ii  siirry  in  a  practiciil,  comfortable  and  inezpemiTe 


Fit:,  en,    FoldincE  R«ir  Seal  Phutoa. 

ni;iiiii  ■!■  liililii'  ;t  i].-t;ii'liable  toiinejiu.  it  is  always  present  when 
wMiH-d.  iiti.l  4iii.kly  iloscd  whi'n  not  waiitetl.  It  adds  little  eitra 
\vi'i)j;lit.  ri'qiiiri'K  no  inechaiiical  work  to  open  or  close  and  bids  fnir 
to  bf  !i  jieruuinent  device. 
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In  Bome  forniB  of  vehicles  notably  cabs  and  brOTighaius,  in- 
tended to  bo  driven  by  drivers  for  hire,  the  operator's  seat  Ja  at 
the  extreme  front  or  at  the  extreme  rear  aa  in  similar  horse  vehi- 
clos.  It  seems  eWdent  that  similar  rwinirements  will  largely 
dictate  similar  forms  in  autos  as  in  horse  vehicles,  and  mechanics 
will  dnnbtless  be  able  to  accomuiodate  the  mechanism  to  the  bodies 
without  great  deviation  from  those  vehicle  forms  proved  by  years 
best  suited  to  the  needs  of  the  public. 

Tops.  Auto  tops  are  substantially  the  equivalent  of  those 
used  on  horse  vehicles  although  generally  larger  and  more  strong- 
ly madi>.  They  are  either  single  or  double,  of  the  folding  or  cape 
top  variety,  with  w^casionally  a  canopy  top  and  tiuito  frequimtly 
a  standing  top  with  curtains  or  with   glass  windows,   fonniug  a 


completely  enclosed  vehicle.  High  spells  in  cold  weather  have 
made  some  form  of  protection  desirable,  so  glass  plates  are  fitted 
in  front  of  the  driver  and  are  used  either  with  or  without  the  top 
aa  desiretl.  They  should  be  folding  or  removable  because  the  air 
carrioti  behind  them  ia  dust  laden  in  dry  weather  and  in  rain  or 
snow  one  can  not  well  see  throi^h  them. 

Location  of  MtM:haDism.  Several  arrangements  of  mechan- 
ism are  in  use.  In  the  earlier  forms  the  motors  wen-  placed  under 
the  operator's  seat  because  this  was  near  to  the  driven  axle  and  was 
the  most  available  space  unused  by  the  imssengers.  As  motors 
increased  in  size  this  space  was  not  sufficient,  so  the  body  of  the 
Tehiclo  was  extended  backward,  the  full  height  of  the  seat,  gi^'ing 
much  additional  room.     Additional  pissentftrs  were  either  placctl 


AUTOMOBILES 


in  front  or  on  top  of  this  n>ar  extension,  with  the  resnlt  that,  as 
motors  were  iiiadi-  still  largyr.  thi-y  were  crowtled  down  niider  the 
floor  in  n  ilark  ami  inncnettsible  {loeition  as  wrll  as  espoe^d  to  the 
nniil  ami  dtisi  of  tbe  rood.  Theso  fatilts  coiiii)elle<l  recognition, 
and,  ronpled  with  the  tinploasaiil  riding  qualities  of  the  front  eiid, 
cAuseil  the  motor  to  bo  pl&cc>d  at  the  front  with  tlie  trausuiission 
gear  and  Bimilar  Httings  nuder  tho  lloor  as  iu  eomiuoii  use  at  pres- 
ent. In  a  few  iaHtaiiccs  designBrs  were  able  to  provide  snflicieut 
l»wer  in  the  sivux  under  the  seat  and  Ihns  avoided  ptaeiug  the 
motor  in  front,  far  removed  from  its  point  of  application  of  [wwer, 
and  the  suocess  of  such  arran^-nieut  with   the  siicctrss  of  riiar- 


placed  motors  renders  it  likely  that  in  llie  near  futnre  the  motor  at 
the  rear  will  be  considered,  as  it  undoubtedly  is,  the  best  engineer- 
ing i)ractioe. 

Most  designers  be^an  by  using  single-cylinder  motors  which 
were  placed  horizontally  lengthwise  of  the  vehicle,  beeuuse  this 
placing  B»?onres  low  center  of  gravity  and  least  Tibration.  Increased 
power  was  secured  by  doubling  the  cylinders,  but  since  a  twin  motor 
rtf  the  fonr-cycle  ty|»e  ignites  in  irregular  Befjuence  if  the  oranks 
are  opjxjstd,  the  double  opposed  motor  became  tho  accepted  two- 
cylinder  form.  This  igniti^  one  cylinder  each  revolution  instead 
of  one  and  one-half  revolution  followed  by  one-halt  revolution  nimrt, 
OH  in  the  twin-cylinder  tyitc. 

Doubling  the  twin  motor  gave  the  common  four-cylinder  hu- 
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^e,  nsnally  piaced  veitiaiSy.  -viiii  crank  shaft  lei^nhwifv'  die 
vehicle.  The  reason  for  this  airaugiaD^il  is  thai  the  widib  of  as 
ordinary  vehicle  is  not  soffickait  to  piUoe-  thf  molor  cross^is*',  wiih 
crank  shaft  parallel  lo  rear  axle,  as  in  the  single  ami  donbV  cyl- 
inder arrang^n^it.  The  triple  cyliiider  motor  is  used  by  some 
makers  who  bellere  thai  it  secnres  ninlliple  rrllndeT  n-stilis  with 
the  least  OHnplicaticHi  and  is  therefore  the  most  desirabit-  form. 
Such  engines,  with  cylimdeis  of  o-inch  bore,  ait-  pUixxi  i-nis*wise 
of  the  vehicle  as  in  the  Dnryea  while  fonr  cylimlers  of  iioirly  i-iiich 
bore  are  placed  crosswise  at  the  froot   in  on*-  or  two  air  ixxtled 


vehicles,  as  in  thi-  Marion.  But  tht'  usiih!  arr;iiii?'ini-Ml  is  l>'ni;th- 
wise  of  the  vehicle  in  wrticjil  iMwitioii  when  iiior.'  tluin  twn  i-ylin. 
ders  are  used.  In  the  Maniioii  the  i-yliiulcro  arc  iiieliiuil  two  to 
each  side  about  :{0  degrees  from  a  vertieal  i)i>siiiiin,  wliilf  in  tUi' 
Durj-ea,  the  cylinders  are  inclined  to  the  nv-ir,  :10  deiin-es  fnnii 
horizontal.  In  the  Adaois-Farwell,  either  three  or  li\e  eyiimlen* 
are  used,  equally  s^jared  around  n  vertical  axis  and  arnin^ptl  to 
revolve  in  a  horizontal  pkne.  The  weiuhl  of  the  cylinders  ii\oiil« 
need  for  a  fly  wheel  and  their  motion  nives  nn  elticient  iiir  ct>olin>( 
without  fans  or  other  mechuninni. 

In  one  or  more   inetoticcfl   the  cylindiTs   have  b" 
equaUy  distant  around  thoir  axis  of  n-vohil  ion  and  iMtr 
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which  arrangement  also  Becnres  steady  rotation  vithont  a  fly-wheel, 
and  efficient  air  cooling.  The  auto  is  largely  the  sport  of  the 
wealthy  and  as  is  the  case  with  all  new 
things,  is  frequently  provided,  to  the 
point  of  vulgarity,  with  various  fittings 
and  trimmings  qnite  often  made  to  sell 
rather  than  to  use,  and  bought  rather 
tor  ostentation  than  for  any  real  service, 
A  considerable  business  is  done  in 
these  fittings,  some  of  which  are  quite 
elaborate  and  expensive.  "'"^   «.omc.«. 

FITTINQS. 

Odometers  are  arranged  with  a  single  dial  to  give  the  total  dis- 
tance travelled  or  with  a  secondary  dial  to  record  thedistance  of  each 


Glled  Willi 
loud  »yti 

a  tune. 


Fit.  73.    Gradometer. 

SiHH'd  indicators  show  at  a  glance  the  speed  at   which  the 
traveling  at  any  time,  while  clocks  affised  to  the  dash 
I'Vft  the  ojJtTator  of  the  necessity  of  consulting  his  watch. 
Gradometers  indicate  the  angle  of  the 
hill  with  more  or  less  accuracy.     Mano- 
meters tell  the  story  of  the  water  circu- 
lation. Voltmeters  and  ammeters  advise 
concerning  the  electric  circuit  and  var- 
ious gaiigi's  and  glasses  show  the  action 
of  the  lubrication,  the  amount  of  fuel 
and  water,  and  the  air  pressure  in  the 
air  braivc  reservoir  or  gasolene  tank  as 
the  case  may  be.     Spark  coils  and  acet- 
ylene   generators,    storage    tanks    and 
storage  biitterles  are  finite  frequently  in 
evidence  while  horns,  gongs,  or  whistles 
complete   the  list.     Some  of  the  latter 
rl.'pLdiy  KTOiYMtt'disit  "'"''     numerous    enough    and   properly 
ho  es.  The  result  la  a  (^jjg^  ^^^  arranged  to  permit  playing 
All  are  well  in  their  place  but  add  needlessly  to  an  already 
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complicated  vehicle  and  are  not  in  accord  with  the  simplicity  which 


Fig.  76.    Shock  Absorber. 


Fig.  75.    Three-Toned  Horn. 

mnst    accompany  an  extended  use  of  this  valuable  invention. 

SHOCK  ABSORBERS. 

•  The  high  speeds  frequently  attained  by  motor  vehicles  greatly 
magnify  inequalities  of  the  road  surface,  with  the  result  that  the 
springs  are  violently  compressed  and  rebound  disagreeably,  some- 
times breaking.  To  prevent  this, 
friction  surfaces  have  been  ap- 
plied, which,  while  they  permit 
yielding,  dampen  or  deaden  the 
spring  action  and  render  the 
vehicle  more  comfortable.  Some 
forms  of  these  employ  pistons 
with  valves  or  passages  which 
permit  free  movement  in  one  di- 
rection, but  not  in  the  other.  It 
is  urged  against  this  that  at  high 
speed  the  second  inequality  is  met  before  the  springs  have 
recovered  their  position,  so  they  are  unable  to  jx^rform  their  duty. 
Springs.  The  comfort  and  durability  of  the  vehicle  depends 
largely  upon  the  springs,  although  following  cycle  practice,  many 
constructors  have  dep)ended  uix)n  tires  for  this  service.  As  in 
carriages,  three  forms  of  si^rings  are  quite  common  with  a  number 
of  less  used  forms.  The  full  elliptic  has  always  had  recognition 
and  is  a  serviceable  spring,  but  does  not  offer  the  rigidity  sidewise 
that  the  half  elliptic  secures.  It  is  quite  essential  that  ther  ear 
axle  at  its  sprocket  should  remain  in  line  with  the  body  or  frame 
which  carries  the  front  sprocket,  as  otherwise  the  chain  may  jump 
off.  The  full  elliptic  requires  the  use  of  reaches  or  radius  rods  to 
hold  the  axle  in  ix)sition,  but  the  semi-elliptic  is  usually  fastened  to 
the  framework  at  one  end,  while  the  other  end  is  carried  by  a 
swinging  shackle.  Side  springs  fastened  to  the  body  at  their 
centers,  and  to  the  axle  at  their  ends,  have  been  much  used  on  cheap 
constructions,  and  although  not  the  best  form,  have  given  good 
service. 
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Siiirial  springs  arc  sometimes  used,  principally  as  ao  acces- 
sory, to  modify  tlH>  action  of  the  main  spring  or  to  assist  it  to  carry 
the  load.  The  high  speeds  frequently  attained  by  antos,  together 
with  the  small  wheels  used,  demand  exceptionally  good  spring  sus- 
pension, which  has  heretofore  been  n^lected,  but  is  receiving 
more  attention  at  present. 
Bubber  buffers  have  been 
f retjuently  used  to  prevent 
overloaded  springs,  and 
many  a  bent  or  broken  axle 
has  befen  dne  to  improper 
spring  design.  Incase  of 
a  broken  spring  it  is  usu- 
ally possible  to  fill  in  the 
space  with  a  block  of  wood 
which  will  permit  the  vehi- 
cle to  be  used. 

Much  of  the  comfort 
of  a  vehicle  depends  upon 
the  upholstering,  De<;p 
springs  in  the  cushions  and 
backs  add  greatly  to  the 
ease  of  riding.  This  is  par- 
ticularly true  in  going  over 
gntttTH  or  w.-itrr  barH  whtTO  stiff,  firm  backs,  as  found  iti  many 
tiintu'ans.  tmnsmit.  to  the  rider  severe  jolts,  which,  if  the  backs  arc 
hit;h,  iin- fi-lt  jis  disjign'i'jtlile  Jerks  at  the  neck.  For  high  speed. 
liiw  bai-ks  are  more  romfortable  btK"fluse  they  permit  the  entire 
8piiiiiI<-oliiiii[i  to  yield  iiistead 


Fig.  77, 


D  Shock  Absorber. 


Siric-C   llle    aillo    is  IICCCS-  I''s-78.    Stmi-EUiplic  Rear  spring. 

rily  ;isscM-L;it.*(i  wilii  oil,  and  is  drivoii  at  high  BjjeKls  in  all 
'.ntlii'i-s,  tliii  iii)hnlsteriiij;  is  Ix'st  of  leather  or  itantjisote,  so  that 
(iiay  not  aKsorl)  oil  iiordirt  nor  be  soaked  and  dauiagc<l  by  water. 
BEARINGS. 
.\iito  Ix'ariutp*  are  in  general  of  three  kinds,  plain,  ball  and 
Her.     The  ]ilaiii  or  common  carriage  bearing  gives  good  satisfac- 
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tion  if  frequently  oiled  aud  is  of  low  first  cost  and  needs  few  re- 
pairs. Rear  asles  which  revolve  are  frequently  moujited  in  plaia 
isuoUy  of  bronze  or  babbitt,  with  equally  good  results. 
For  light  vehicles,  pstrticularly 
with  small  power,  as  the  light 
steam  and  electric  carriages,  ball 
bearings  are  quite  common.  The 
small  area  of  the  ball  races  re- 
quires that  the  balls,  cuijs  and 
cones  be  extremely  hard  in  order 
to  give  service,  and  a  broken  ball 
frequently  damagt'S  the  bearing. 
The  oijerator  should  listen  for 
grinding  or  squeaking  in  tlieball 
bearings  and  stop  and  remove 
the  broken  bidl  bcfori'  further 
damage  is  dnnr.  Fi)r  heavier 
loads,  roller  bttarings  an'  com- 
mon. These  an>  i>f  several  varie- 
ties, one  Willi  known  form  em- 
ploying flexible  rollers  made  by 
rolling  a  strip  of  metal  into  a 
spiral.  The  rollers  an;  usually 
guiiltKl  by  cages  to  keep  them 
parallel,  and  if  not  so  guided  should  be  (tuit(!  slifirt,  preferably 
of  a  length  not  greater  than  their  diameter.     KoUers  are  usually 


Fifc.ao.    Ball  IMirtDK.  Pig.  «t.    Annular  Ball  Beiriog. 

hardened  and  ground.  Conical  rollers,  nlso  hold  iu  cages,  are  much 
nsed  and  are  particularly  adapted  for  places  where  the  strain  comes 
in  various  directions,  as  in  the  hubs  of  wheels.    Ball  or  roller 
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beariDga  are  much  used  to 
tion  disks. 


the  thmst  of  bevel  gears  or  fric- 


LAMPS. 

Thfi  law  in  most  places  rfquires  antoe  to  carry  lamps,  althoogfa 
other  vehicles  do  not  as  a  rule  carry  them  and  cannot  be  seen  by 
the  anto  driver  unless  he  is  pro- 
vided with  a  searchlight  able  to 
light  the  road  a  great  distance 
ahead,  Without  this  assistance 
he  may  be  unaware  that  a  scary 
horse  is  doing  damage  and  there- 
fore unable  to  stop  or  govern 
himselfuccordingly.  Thescarch- 
light  throws  a  powerful  beam 
which  blinds  the  horse  driver 
and  renders  him  likely  to  lea^'e 
the  roud.  The  safest  arrauf^e- 
nient  is  for  nil  vehicles  to  carry 
a  light  on  dark  roads  in  order 
that  each  driver  may  be  aware 
of  the  presence   of   the   other. 

OPERATION. 

The  oixiration  of  a  vehicli'  depends  much  upon  its  particular 
design  and  infoniiatioii  is  usually  supplied  by  the  maker.  In  gen- 
eral, it  is  necessary  to  turn  on  the  electric  current,  the  liquid  fuel, 
open  the  throttle,  and  turn  the  starting  crank.      After  the  motor 
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starts,  adjust  the  gasolene  to  give  best  results,  throttle  the  motor 
to  suit,  and  set  the  low  clutch  gently.  This  throws  a  load  on  the 
the  motor,  to  overcome  which  the  throttle  should  be  opened  corres- 
pondingly. As  the  vehicle  starts,  feel  of  the  steering  to  know  that 
the  vehicle  is  under  control.  As  the  speed  increases  change  to  a 
higher  gear,  the  object  of  the  skilled  driver  being  to  use  the  high 
gear  as  much  as  possible,  in  order  that  the  motor  may  make  as  few 
revolutions  per  mile  as  may  be,  thus  saving  fuel  and  wear.  In  no 
event  should  the  motor  be  choked  down  till  it  is  jerky  or  liable  to 
stop,  for  this  may  result  in  a  stop  in  front  of  a  train  or  in  some 
similar  dangerous  and  undesirable  place. 

The  brake  should  be  tested  at  the  first  opportunity  and  par- 
ticularly before  starting  down  a  steep  hill,  so  that  it  may  be  known 
to  be  in  perfect  order,  for  next  to  the  ability  to  go,  is  the  ability  to 
control  and  stop.  If  the  brake  is  faulty,  the  vehicle  may  be  stop- 
ped by  stopping  the  motor  with  the  low  speed  clutch  engaged  and 
the  clutch  may  also  be  used  as  a  brake  either  iustt^ad  of  thc^  regu- 
lar brake  or  in  conjunction  with  it  on  hills,  thus  forming  a  second 
brake,  and  one  that  is  usually  in  order,  as  proved  by  the  ability  to 
climb  hills.  The  low  clutch  is  very  effective  and  subjects  the 
vehicle  to  a  decided  strain  on  which  account  it  should  be  a^^plied 
gently  lest  a  chain  be  broken  or  gears  stripped.  In  such  an  event 
the  vehicle  should  be  turned  crosswise  the  road  into  the  bank 
if  circumstances  permit.  If  the?  s^xied  is  too  fast  and  the  road  is 
clear,  and  straight,  the  bottom  of  a  hill  may  be  safely  reached  but 
this  dangerous  chance  should  never  be  attempted  except  as  a  last 
resort.  A  properly  powered  vehicle  will  climb  hills  with  little  loss 
of  time,  so  there  is  no  need  to  rush  down  hill  at  a  dangerous  rate 
or  with  the  vehicle  beyond  control. 

The  operator  should  learn  to  recognize  by  ear  the  pro^x^r  run- 
ning of  all  parts  of  the  vehicle  and  recognize  instantly  any  devia- 
tion therefrom.  He  should  also  recognize  by  the  way  the  vehicle 
starts  or  coasts  whether  it  rims  fn^ely  or  not,  and  by  the  feel 
whether  a  tire  is  flat  or  not.  Lack  of  lubrication  in  the  engine  or 
vehicle  adds  much  to  the  labor  and  (»xi)ense  and  should  be  sought 
for  and  reme<lied.  A  weak  spark  causers  a  weak  engine  and  signi- 
fies that  either  the  batteries  need  renewal,  the  genc^rator  brushes 
need  cleaning,  the  driving  device  is  not  doing  its  duty,  or  the  elec- 
trical wires  and  connections  are  at  fault.    An  excess  of  lubricating 
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oil  will  sometimes  coat  the  interior  of  the  cylinder  with  carbon, 
which  should  be  removed  by  scraping,  the  cylinder  heads  being 
taken  out  for  this  purpose.  The  mixture  should  be  right  and  the 
proper  proportion  of  gasolene  vapor  and  air  must  be  determined 
by  adjustment  and  trial.  Usually  more  is  required  on  a  dry  day 
than  on  a  wot  day  because  on  a  wet  day  the  watiT  vaix)r  displaces 
some  of  the  oxygen,  so  that  less  gasolene  can  be  bumcxl.  Too 
much  fuel  weakens  the  mixture  and  soots  the  plugs  and  walls. 

The  cooling  devices  shoidd  b(»  watched  that  the  fan  does  not 
stop  nor  the  wati^  tank  gc*t  empty,  although  in  either  case  the  en- 
gine may  bi>  run  a  short  distance  without  damage  before^  it  gets  hot 
enough  to  destroy  the  lubrication.  The  gasolene  tank  and  piping 
should  be  so  simple  that  it  can  bi'  easily  watcht^il,  for  a  leak  is  not 
only  wasteful,  but  dangerous,  because  of  possible  fire.  The  tank 
should  never  b(»  exposed  to  heat  or  burning  vapor  and  tanks  con- 
taining x)ressure  are  inadvisable  Ix^cause  of  the  more  rapid  leak  in 
such  cases.  For  cxAd  weather  or  for  starting,  a  gasolene  of  low 
spcicific  gravity,  numbered  high  on  the  Baum6  scale,  is  best,  but 
a  heavier  licpiid  will  give  more  power  j)er  gallon.  With  a  hot  en- 
gine, kerosene  can  generally  be  used,  a  fact  which  will  enable  one 
sometimes  to  get  home  afti^  finding  the  gasolene  tank  empty. 
Take  great  care  that  the  battery  is  never  left  on  a  closed  circuit  for 
this  quickly  destroys  its  efficiency. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 


548 


\ 


REVIEW     QUESTIONS 


ON      THK       ST70.TB:0X      O  V* 


MARINE     BOILERS 


1.  Why  are  center  punch  marks  placed  one  inch  apart  on  a 
test  piece  ? 

2.  Describe  the  double  butt  treble  riveted  joint  and  state 
its  approximate  efficiency. 

3;  A  Purves  furnace  is  7  feet  6  inches  long,  38  inches  in 
diameter  and  the  pressure  is  170  pounds  per  square  inch  ;  what 
should  be  the  thickness  of  the  plate  ?  Ans.  .46  inch. 

4.  What  is  the  diflference  between  ordinary  and  stay  tubes  ? 

5.  What  constitutes  the  heating  surface  of  a  cylindrical 
marine  boiler  ? 

6.  What  should  be  the  area  of  the  spring  safety  valve  for 
%  cylindrical  boiler  having  60  square  feet  of  grate  area? 

English  Board  of  Trade  Rules. 

7.  Why  are  the  ends  of  some  marine  boilers  curved  at  the 
top? 

8.  Describe  briefly  the  Foster  Automatic  Stop  Valve. 

9.  Why  is  a  large  quantity  of  salt  in  the  boiler  undesirable? 

10.  Describe  the  process  of  building  the  fire? 

11.  Why  are  stud  bolts  or  patch  bolts  used  for  repairs 
instead  of  rivets? 

12.  The  U.  S.  S.  "  Massachusetts  "  is  running  with  steam 
up  in  all  the  main  boilers.  If  the  rate  of  combustion  is  22  pounds 
of  coal  per  square  foot  of  grate,  how  many  long  tons  of  coal  are 
consumed  per  day  of  24  hours  ?  '         Ans.  130  tons  (about). 

13.  Give  the  advantages  of  corrugated  furnaces.  Name 
the  most  common  forms. 

14.  A  test  piece  from  a  steel  plate  shows  the  following; 
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ai'ea  of  section  before  bi*eaking  .4375  square  inches,  load  at  rup- 
ture 24,000  pounds,  4  inches  x)f  the  central  portion  stretched  to 
4  J  inches^  and  the  contracted  area  was  .235  inch.  Was  the  plate 
suitable  for  boiler  construction  accoixling  to  the  rule  of  the  U.  S. 
Board  of  Supervising  Inspectors  of  Sti^am  Vessels  ? 

15.  Explain  why  the  furnace  dooi*s  and  smoke  box  fronts 
are  provided  with  screen  plates. 

16.  What  should  be  the  total  area  of  grate  for  a  lx)iler  that 
burns  22  pounds  of  coal  jwir  square  foot  per  hour  if  each  pound 
evajx)rates  9.5  i)ounds  of  water  and  15,048  pounds  ai-e  evaporated 
per  hour?  Ans.  72  square  feet. 

17.  Describe  briefly  the  cylindrical  marine  boiler. 

18.  Give  the  requisites  of  a  good  lK)iler  covering. 

19.  How  may  furnaces  that  have  come  down  slightly  be 
repaired  ? 

20.  What  are  the  requisites  of  a  marine  water-tube  lK)iler? 

21.  l)('scnl)e,  with  sketch,  the  test  piece  for  iix)n  plate  pre- 
scribed by  the  U.  S.  Board  of  Supervising  Inspectors  of  Steam 
Vessels. 

22.  If  a  piece  of  plate  having  a  reduced  section  of  .38 
square  inch  breaks  at  a  load  of  22,000  pounds,  what  is  the  tensile 
strength?  Ans.  58,000  pounds  (nearly). 

23.  I)rscril)e  the  hydrometer.  How  is  it  graduated  for  a 
salinomcter-pot  ? 

24.  (live  the  adviiiitages  and  disadviuitagcfc;  of  niochaniriil 
draft.      Dt'scrihc  hrielly  the  methods  of  aj)plication  for  marine  work. 

2').  Why  shouhl  not  the  main  stop  valve  1x3  closed  tightly 
while  steam  is  forming? 

2»i.  The  distance  In'tween  the  extrem(*  c(Miter  puneh  marks 
is  S  inches  hefoic  and  10  inches  after  testing.  What  is  the  per 
cent,  ol'  elongation  ? 

27.     A  steel  bar  v  inch  in  diameter  and  8  inches   long  in  the 

central  ])ortion  gave  the  resnlts  shown  in  Fig.  12.      What  was  the 

actual    elastic  limit,  breaking   strength  of    actual  section  and   to 

what  length  did  the  8  inches  streU^h? 

17,700  lbs.  (alxmt) 
An8.-{  43,700  ll>s.  (about) 
8.864  inches. 
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28.  A  double  ended  Scotch  boiler  is  15  feet  in  diameter;  the 
efficiency  of  the  joint  is  .84.  If  the  working  pressure  is  160 
pounds  and  the  plate  has  a  tensile  strength  of  60,000  pounds 
what  should  be  the  thickness  of  the  plate  if  the  factor  of  safety 
is  4.5  ?  Ans.  1|  inches. 

English  Board  of  Trade  Rules. 

39.  What  would  be  the  working  pressure  in  the  above  boiler 
having  plates  1  j  inches  thick  if  the  Rules  of  the  U.  S.  Board  of 
Supervising  Inspectoi-s  of  Steam  Vessels  are  followed  ? 

Ans.  167  pounds. 

30.  State  the  properties  of  steel  for  boiler  construction. 
Why  is  steel  of  a  high  tensile  strength  not  suitable? 

31.  According  to  the  Rules  of  the  U.  S.  Boani  of  Super- 
vising Inspectors  of  Steam  Vessels,  what  should  l)e  the  allowable 
working  pressure  in  a  boiler  if  the  short  screw  stay  bolts  are 
spaced  8  inches  apart  and  the  plate  is  ^^  inch  thick  ? 

32.  State  several  reasons  why  water-tube  boilers  are  better 
than  cylindrical  boilers  for  marine  work. 

33.  Explain  the  reasons  why  the  level  in  the  gage  glass  may 
not  be  the  same  as  the  water  level  in  the  boiler. 

34.  Explain  the  diffei-enee  between  a  hard  patch  and  a  soft 
patch. 

35.  What  should  be  the  diameter  of  the  two  safety  valves 
of  a  boiler  having  4310  square  feet  of  heating  surface  and  working 
at  160  pounds  pressure?  '  Ans.  4|  inches. 

Use  French  (lovernment  Rule. 

3G.  I)evscril)e  briefly  the  causes  for  loss  in  efficiency  in  the 
furnace  of  a  marine  boiler. 

37.  WTiere  should  the  feed  water  be  introduced  into  a 
cylindrical  marine  boiler  ? 

38.  AVhat  is  the  area  in  square  feet  through  a  nest  of  84 
wrought  lap  welded  boiler  tubes  having  an  external  diameter  of 
2J  inches  ?  Ans.  1.933  sq.  ft. 
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M  A  R  I  N  K      E  N  a  r  N  E  S . 


1.  How  could  Ji  vertical  marine  engine  be  run  if  the  go- 
t1iea<I  eccentric  breaks? 

2.  Sketch  the  arrangement  of  the  cylindera  of  a  three 
cylinder  compound  engine  and  show  where  the  steam  enters  and 
leaves  the  cylinders. 

3.  Referring  to  Fig.  il,  how  many  tons  of  coal  must  be 
burned  per  day  to  attain  a  speed  of  16  knots? 

4.  Deline  the  pitch  of  a  screw  propeller. 

I),     Ex[)lain  with  sketch  a  method  of  marking  off  nuts. 
G.     Whv  are  leads  tjiken  ? 

7.  (rive  tli(»  advantiiges  of  a  centrifugal  j)ump. 

8.  A  ship  is  steaming  at  a  speed  of  1.*^  knots  per  hour, 
Ihe  scri'w  has  a  [jjtch  of  IT]  feet.  What  is  tlie  apparent  slii)  in 
per  (tent,  if   the  eiiLcines   arc  working  S4   revolutions   j)er  minute? 

0.  Sketch  some  method  for  sceuriniTf  the*  liner  of  a  cvlinder 
in  place,  showing  liow  it  is  made  steam  tight  at  both  ends. 

10.  What  is  the  displaccMuent  in  tons  if  the  volume  of  the 
sliip  under  th(»  water  line  is  'J^s-oO  cubic  feet? 

11.  Describe  the  cvlinder  relief  v;»lve.  "Vhere  are  tliov 
placed  ? 

!•-!.  If  a  propeller  shaft  is  14  inches  in  diameter  and  there 
are  7  collai*s  what  should  b(^  the  diameter  of  the  collars  if  the  total 
thrust  is  4s,000  pounds?  Ans.  18^  inclies. 

1:>.  How  is  a  thrust  block  constructed  so  that  the  collars 
may  Ik*  separately  adjusted  ? 
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14.  Explain  with  sketch  how  condenser  tabes  are  placed  m 
the  tube  plates. 

15.  If  a  vessel  is  steaming  at  the  rate  of  1720  feet  per 
minute,  how  many  knots  will  it  travel  in  3  houi-s  ? 

16.  In  the  above  ship,  how  many  turns  mujst  the  engine 
make  if  the  pitch  is  21  feet  and  the  apparent  slip  18  per  cent? 

17.  If  the  pointer  of  tlie  vacuum  gage  stands  at  25  what  is 
the  absolute  pressure  in  the  condenser? 

18.  What  is  the  effect  on  the  temperature  of  the  feed  water 
if  the  vacuum  is  made  more  nearly  perfect  ? 

19.  Explain  the  keel  condenser. 

20.  How  is  a  piston  made  steam  tight  ? 

21.  Why  should  the  caps  of  bearings  and  connecting-rod 
Bnds  be  screwed  hard  to  the  liners? 

22.  Explain  the  centrifugjil  lubricator. 

23.  How  is  the  expansion  varied  independently  in  the 
cylinders  of  a  triple  expansion  engine  ? 

24.  Why  should  water  from  the  stokeliold  bilges  be  care- 
fully strained  before  going  to  the  boilers  ? 

25.  What  construction  is  used  to  make  all  the  links  of  a 
multi-cylinder  engine  move  at  once  ? 

26.  What  should  be  done  in  case  the  high  pressure  valve 
breaks  and  cannot  be  repaired  and  the  air-pump  is  worked  from 
the  high  pressure  crosshead? 

27.  Of  what  use  are  by-pass  valves  ? 

28.  What  causes  "  gagging  "  ? 

29.  In  finding  the  pitch  of  a  propeller,  a  point  on  one  of 
the  blades  moved  2  inches  while  it  passed  through  an  angle  of  8 
degrees.     What  was  the  pitch?  Ans.  7^  feet. 

30.  A  screw  propeller  is  14  feet  in  diameter  and  the  pitch 
ratio  is  1.2.     What  is  the  pitch? 

31.  What  causes  liot  bearings? 

82.  Why  should  not  water  be  applied  to  a  hot  piston-rod  ? 

83.  Name  a  few  causes  that  prevent  the  sfcirting  of  a  marine 
engine  ? 

84.  Trace  the  course  of  the  circulating  water  from  iU 
entrance  to  the  ship  to  its  exit ;  naming  the  valves,  pipes,  pumps. 
etc.,  through  which  it  passes. 
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1.  What  are  parallels  of  latitude,  meridians,  small  circles, 
great  circles  ? 

2.  Define  the  terms  longitude  and  latitude. 

3.  What  is  difference  of  longitude,  difference  of  latitude? 

4.  Explain  the  term  '" Departure"  and  its  relation  to  longi- 
tude. 

').     I)cscril)e  "The  course  steered." 

6.  Descriln)  the  compass  and  "box  "it.      (This  must   be 
done  without  reference  to  the  text.) 

7.  Tell  in  your  own  words  what  you  can  about  magnetism, 
dip,  variation,  and  deviation. 

8.  Correct  the  following  courses: 

(1)  (2) 

Compass  course     .     .  E.N.E.  S.W.S. 

Variation     .     .     .     .12°-  0'  E.        20°  0'  E. 

Deviation     .     .     .     .   10^-:U)'  E.        11°  45  W. 
Find  true  coni'se. 

(iivcu  trmM'ourse N.  3°  E. 

Deviation 3°  45' E. 

Variation 12°-0'W. 

Find  eoiiipjiss  course. 

\K     (live  a  short   description  of  a   Mereator's  chart,  stating 
its  cliaiacteristics  and  advantaLfes  for  ocean  work. 

10.  What   is   the  latitude  and  longitudt^  of  the  points  A.  B, 
C\  />,  h\  and  /'in  Fii^.  7? 

11.  Wliat  is  the  distance   in  nautical   miles  from    C  t^>  D; 
from  .4  to  // ;  />  to  h\ 

I'J.      (fiv(!  a  brief  account  of  the  different  kinds  of  **  sailings." 
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13.  What  can  you  say  regarding  the  following;  Taking  the 
Departure,  Day's  Work,  Making  the  Land,  and  Sounding. 

14.  What  is  Dead  Reckoning? 

15.  Explain  the  following ;  Altitude  and  Declination  of  a 
Celestial  Body,  Zenith  and  Polar  Distance,  Hour  Angle. 

16.  Explain  thoroughly  the  corrections  which  must  be  applied 
to  a  sextant  reading  to  get  the  true  altitude  of  a  heavenly  body. 

17.  Given  the  following  observed  altitude  of  the  sun,  work 
out  the  latitude,  using  to  obtain  any  necessary  data  the  tables  on 
pages  50  and  51 :  At  sea,  May  6,  1902,  longitude  67°  45'  W.,  ob- 
served alt.  sun's  lower  limb,  68°  50',  index  correction  -}-  2',  dip 
4'  23%  parallax  3".     Find  latitude. 

18.  What  is  solar  time,  a  chronometer,  apparent  time,  side- 
rial  time? 

19.  Explain  the  difference  between  civil  and  astronomical 
time. 

20.  Explain  the  longitude  problem  in  detail,  giving  every 
step.  After  you  get  the  apparent  time  at  ship,  how  is  the  longfi- 
tude  obtained  from  it? 

21.  Explain  finding  the  longitude  by  the  method  of  equal 
altitudes. 

22.  Describe  briefly  the  advantages  of  Sumner's  method. 

23.  Tell  what  you  can  about  finding  compass  deviations  by 
azimuths  of  the  siui. 

24.  What  effect  does  heeling  error  have  on  a  ship? 

25.  Correct  the  following  courses  : 

True  course W.  N.  W. 

Variation 15^  W. 

Deviation 8*^  E. 

Ship  on  sUirboard  tack  ....  J  pt.  leeway. 

Fin<l  compass  course. 

25.        Compass  courae E.  by  S. 

Variation 11J°  W. 

Deviation |  pt.  W. 

Ship  on  port  tack i  pt-  leeway. 

Find  course  made  good. 
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REVIEW     QUESTIONS 

LOCOMOTIVE    BOII^ERS 
AND    ENGINES. 

PART    I. 


1.  What  is  the  fibre  stress  on  a  side  rod  like  that  shown  ir. 
Pig.  43,  when  running  on  an  engine  having  driving  wheels  62 
inches  in  diameter  and  a  piston  stroke  of  24  inches  at  a  si)eed  of 
SO  miles  an  hour  ?     The  weight  of  the  ends  may  be  neglected. 

Ans.  7,800  pounds. 
Note  :  Assume  the  weight  of  the  rod  to  be  152  lbs.  then  cal« 
culate  tlie  centrifugal  force  and  finally  the  stress,  considering  the 
centrifugal  force  as  the  load. 

2.  By  what  means  can  the  use  of  stay  bolts  in  locomotive 
boilers  be  avoided  ? 

3.  At  what  point  in  the  boiler  does  the  greatest  amount  of 
stay  bolt  breakage  occur  ? 

4.  With  one  scjuarc  incli  of  valve  area  to  three  square  feet 
of  ^n-ate  area,  wliat  size  safety  valves  would  hi)  used  on  a  boiler 
having  a  lirebox  IIG  inches  lontj^  and  >^\)  inches  wide? 

Alls.  Three  valves  of  ?>}  inches  diameter. 

5.  What  stroke  of  piston  sliould  be  given  to  a  loeomotive 
in  wliich  the  cylinder  diameter  is  17  inelies ;  the  weight  on  tlie 
drivers  85,000  pounds,  the  diameter  of  tlie  drivers  ot)  inches,  and 
the  boiler  pressure  IcSO  pounds  ])er  square  inch? 

Ans.  25.4  inches.      Use  24  inches. 

6.  What  should  be  tlie  diameter  of  the  cylinders  of  a 
loeomotive  in  which  the  weight  on  the  driving  wheels  is  118,000 
pounds,  the  diameter  of  tlie  driving  wheels  62  inches ;  the  boiler 
pressure  180  pounds  per  square  inch,  and  the  piston  stroke  30 
indies  i  Ans,  19|  4"*     Use  19 J  inches. 
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7.  What  is  the  object  of  making  tubesheets  thicker  than 
the  side  sheets  of  a  fire-box  ? 

8.  What  advantage  does  a  small  cylinder  with  a  long  stroke 
possess  over  a  large  cylinder  with  a  short  stroke,  the  horse-power 
developed  l)eing  the  same  ? 

9.  What  pressure  per  square  inch  of  surface  will  be  re- 
quired to  give  a  peimanent  set  to  a  steel  firelwx  sheet?  The 
thickness  is  I  inch ;  the  staybolts  are  spaced  5  inches  from  centre 
to  centre  and  the  heads  are  1|  inches  in  diameter. 

Ans.     513.69  pounds. 

10.  What  stress  per  square  inch  of  section  will  l)e  put  upon 
the  8taylx)lts  of  a  fire-l)OX  working  under  a  pressure  of  175  lbs. 
per  square  inch,  the  stiiy-l)olts  to  be  1  inch  in  diameter  and  spaced 
4 J  inches  from  centre  to  centre?  Ans.     4337  lbs. 

11.  How  does  the  exhaust  jet  produce  a  draft  through  the 
tul)es  of  u  l)oiler? 

12.  What  weight  can  be  put  upon  the  driving  wheels  of  a 
locomotive,  in  which  the  diameter  of  the  driving  wheels  is  62 
inches;  the  boiler  pressure  200  pounds  per  square  inch;  the 
piston  stroke  30  inches  and  the  diameter  of  the  cylinder  21 
inches?  Ans.     153,755  pounds. 

13.  What  lx)iler  pressure  can  be  used  upon  a  locomotive 
having  cylindei-s  18  inches  in  diameter  with  a  piston  stroke  of  24 
inches  and  a  weight  of  88,000  pounds  upon  the  drivers,  that  are 
64  inches  in  diameter  ?  Ans.  201  pounds. 

14.  Why  are  brick  arches  to  be  preferred  to  water  tables  in 
tlie  fire-l)Ox  ? 

15.  To  what  pressure  is  the  dry  ])ipe  subjected  ? 

16.  What  is  the  object  of  balancing  a  throttle  valve? 

17.  What  should  l)e  the  length  of  a  test  piece  of  stay-l)olt 
iron  at  the  moment  of  fracture?  Ans.     10.4  inches. 

18.  On  what  does  the  tone  of  the  whistle  dei)end? 

19.  How  does  the  blower  act  to  cause  a  draft  through  the 
fire-box  ? 

20.  What  is  a  Udl-tale  hole  ? 

21.  What  must  be  the  length  of  a  piece  of  fire-l)Ox  steel  at 
the  moment  of  fracture?  Ans.     10.24  inches. 
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22.  What  is  the  effect  of  an  increase  in  the  amount  oi 
coal  burned  upon  a  grate  ? 

23.  What  are  the  three  positions  in  which  the  mud-ring  is 
placed  and  which  govern  the  width  of  the  fire-box  ? 

24.  What  are  the  losses  that  combine  to  make  up  the  fall 
in  efficiency  due  to  an  increase  of  coal  burned? 

25.  What  size  of  driving  wheels  should  be  used  on  a  loco- 
motive in  which  the  boiler  pressure  is  180  pounds  per  square 
inch ;  the  piston  stroke  is  24  inches,  the  diameter  of  the  cylinder 
is  17  inches  and  the  weight  on  the  driving  wheels  is  90,000 
pounds.  Ans.     50  inches. 

2«>.  According  to  Ilutton's  formula  (Construction  of  Boilers, 
page  52)  what  should  be  the  thickness  of  a  wrought-iron  dry 
pipe  of  a  locomotive  l)oiler,  having  a  diameter  of  6  inches,  and  a 
factor  of  siifety  of  6,  the  sleam  pressure  to  be  150  pounds  per 
square  inch  and  tlie  length  of  the  pipe  8  feet? 

Ans.  9.39  thirty-seconds. 

27.  What  three  methoils  are  in  use  for  supporting  the  crown 
sheet  ? 

28.  What  is  the  tlirust  upon  the  parallel  rod  of  a  locomotive 
having  cylinders  18  inches  in  diameter  and  carrying  a  steam  pres- 
sure of  180  pounds  per  square  in.?  Ans.  22,902  pounds. 

29.  What  would  be  the  pressure  per  square  inch  of  section, 
under  tlie  condilions  of  i*xaniple  28,  on  a  rod  like  that  shown  in 
Fig.  43  ?  Ans.  3,962  pounds. 
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LOCOMOTIVK    BOILKRS 

PART   II. 


1.  What  is  negative  inside  lap  and  where  is  it  used  ? 

2.  AVhat  are  the  essential  characteristics  of  a  loiririntr  loco- 
motive  ? 

3.  AVhat  is  the  tractive  power  of  a  locomotive  havincr  cylin- 
ders  21  inches  in  diameter  with  a  piston  stroke  of  2Ci  inches, 
driving  wheels  5-4  inches  in  diameter  and  working  under  a  mean 
effective  pressure  of  170  pounds  per  square  inch  ? 

Ans.  8<),01M>.0  |)ounds. 

4.  How  many  and  what  are  the  types  of  the  com|K)und 
locomotives  i 

5.  AVhat  will  be  the  total  rt^sistance  of  a  train  consistincr  of 
a  locomotive  weighing  lo(),0()0  jxiunds  and  cars  weighing  28(),0(X) 
pounds,  when  running  at  a  sjjced  of  40  miles  an  hour  up  a  .7  per 
cent,  grade  and  on  a  curve  of  4 A  degrees  't 

Ans.  <>513.  pounds. 

6.  In  what  position  should  the  reverse  lever  be  in  on  starting 
a  train  ? 

7.  Of  what  value  is  a  balanced  valve  { 

8.  Suppose  a  train,  weighing  with  the  locomotive  300  tons, 
is  to  be  run  for  a  distance  of  55  miles  at  an  average  8j)eed  of  00 
miles  |)er  hour. 

(f.     What  is  the  train  resistance  per  ton  ? 

/>.     Assuming  75%  etiiciency,  what  should  the  T.  IT.  P.  bi^ '^ 

r.  If  the  locomotive  uses  35  pounds  of  water  per  I.  II.  P. 
hour  what  should  be  the  caj)acity  of  the  tank  in  gallons,  allow- 
ing 25%  for  reserve  ? 

d  How  many  tons  of  coal  will  this  require,  allowing  7 
pounds  of  water  per  pound  of  coal  ? 
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9.     What  18  the  object  of  counterbalancing  a  locomotive  ? 

10.  What  is  tlie  resistance  due  to  grade  only,  of  a  freight 

train  weighing  2,000,000  pounds,  moving  up  a  grade  of  .9  of  one 

per  cent? 

Ans.  18,000  pounds* 

11.  What  is  the  difference  between  a  home  and  an  advance 
signal  ? 

12.  Where  should  the  reverse  lever  be  phvced  when  running 
witli  tlio  throttle  closed?     State  reason  for  answer. 

13.  Wliat  are  rack  locomotives  and  where  are  they  used? 

14.  What  will  be  the  resistance  on  a  straight  track,  of  a  tniin 

of  cai-s  weighing  240,000  pounds  running  at  a  speed  of  50  miles 

per  hour? 

Ans.  1,740  pounds. 

15.  When  a  distant  signal  is  set  in  the  danger  position, 
what  does  it  signify? 

16.  A  consolidation  locomotive  weighing  137,950  pounds 
has  117,400  pounds  on  the  driving  wheels.  The  weight  of  the 
reciprocating  parts  on  one  side  of  the  engine  is  680  pounds.  The 
stroke  of  tlio  piston  is  26  inches.  The  diameter  of  the  driving 
wheel  is  50  inches. 

a.     What  weight  of  reciprocating  parts  must  be  balanced  ? 

J.  Wliat  weight  must  be  added  to  each  driving  wheel  if  the 
center  of  j^ravity  of  the  counterhalance  thus  added  is  to  be  19 
inches  from  the  cent(.*r  of  tlie  wheel? 

r.     At  a  s[)eed  of  2.")  mih-s  per  hour,  wliat  increase,  over  the 

st;iti(r  loa<l,  will  the  counteihalaiice  given  in  6,  put  upon  the  track 

due  to  its  centrifugal  force? 

(  a,  335.  pounds. 

Ans.  <  f),     57.  pounds. 

(  c.  696.  ]>ounds. 

17.  What  should  he  the  len^rth  of  the  radius  bar  of  a  momil 

locomotive,  having  all  drivers  flant^ed,  a  rigid  wheel  base  15  feet 

2  inch(»s  lonnr,  and  a  distiince  of  8  feet  from  the  front  driver  to  the 

truck  center? 

Ans.  5  feet  11.2  inches. 

18.  The  high  pressure  cylinder  of  two-cylinder  compoimd 
locomotive  is  20  inches  in  diameter.     What  should  be  the  diam- 
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eter  of  the  low-pressure  cylinder  according  to  the  prevailing  prac- 
tice in  the  United  States? 

Ans.  29  inches. 

19.  What  should  b«  the  length  of  radius  bar  in  a  locomotive 
having  all  drivers  flanged,  a  rigid  wheel  base  12  feet  8  inches 
long,  and  7  feet  5  inches  from  the  front  driver  to  tlie  truck  center? 

Ans.  5  feet  5  inches. 

20.  What  is  the    resistance   due    to   curvature    only   of   a 

passenger   train    consisting   of   a   locomotive    weighing    120,000 

pounds   and   cars    weigliing    200,000    pounds,  moving   around  a 

4-dogree  curve? 

Ans.  616  pounds. 

21.  What  do  the  following  signal  colors  mean?  Red,  Blue, 
Green  and  White. 

22.  What  is  the  advantage  of  the  compound  locomotive  ? 
Under  what  conditions  does  this  type  show  the  greatest  economy  ? 

23.  What  is  the  use  of  a  relief  valve  on  a  steam  chest? 

24.  A  .mogul  locomotive  weighing  120,000  pounds  has 
107,000  pounds  on  the  driving  wheels.  The  weight  of  the 
reciprocating  parts  on  one  side  of  the  engine,  including  the  front 
end  of  the  connecting-rod,  is  620  pounds.  The  stroke  of  the  piston 
is  24  inches.     Tlie  diameter  of  tlie  driving   wheels   is   50  inches. 

a.  What  weight  of  reciprocating  parts  should  be  counter- 
balanced ? 

6.  What  weight  must  be  added  to  each  driving  wheel  if  the 
center  of  gravity  of  the  counterbalance  thus  added  is  18  inches 
from  the  center  of  the  wheel  ? 

c.  At  a  speed  of  45  miles  an  hour,  what  increase,  over  the 
static  load,  will  the  counterbalance  in  J,  put  upon  the  track  due 
to  its  centrifugal  force? 

d.  What  is  the  maximum  weight  of  the  reciprocating  parts 
of  this  engine  that  can  be  counterbalanced  with  safety? 

"a.  320  pounds. 
.        \  b.    71.  pounds 

J  c.  2653.  (about)  pounds. 
d.  334  pounds. 

25.  What  is  the  tractive  power  of  a  locomotive  having  a 
cylinder  18  inches  in  diameter  >vith  a  piston  stroke  of  24  inches 
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and  driving  wheels  62  inches  in  diameter,  and  working  under  a 
mean  effective  steam  pressure  of  140  pounds  per  square  inch  ? 

Ans.  ]  7,55^  pounds. 

26.  What  is  the  resistance  due  to  acceleration  only  of  a  train 
weighing  200  tons  that  is  accelerated  fi-om  a  speed  of  50  to  60 
miles  an  hour  in  a  distance  of  one  mile  ? 

Ans.  264  pounds. 

27.  Name  the  parts  comprising  the  link  motion. 

28.  Why  is  the  counterbalance  placed  near  the  tire  rather 
than  near  the  center  of  the  driving  wheel? 

29.  Describe  the  ten-wheeled  type  of  locomotive. 

30.  Why  is  it  not  necessary  to  use  a  receiver  with  the  Bald- 
win four-cylinder  compound  locomotive  ?  What  is  the  disadvan- 
tage  of  this  tyj)e  ? 
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1.  Ho\T  does  the  compressed  air  apply  the  brakes? 

2.  Wliat  was  the  fii-st  and  simplest  form  of  air  brake? 

3.  Is  the  use  of  straight  air  brakes  now  allowable? 

4.  What  necessary  parts  has  the  automatic  brake  on  a  car 
which  tlie  straight  air  brake  had  not? 

5.  Where  is  the  compressed  air  kept  ready  for  use  in  the 
automatic  air  brake  ? 

6.  Where  does-  the  compressed  air  come  from  directly, 
that  entera  tlie  brake  cylinder  wlien  the  automatic  brake  is 
applied  ? 

7.  How  is  the  automatic  brake  applied  and  released  ? 

8.  How  is  the  train  pipe  coupled  up  between  the  cars  ? 

9.  Why  is  it  necessary  to  close  the  train  pipe  on  both 
sides  of  the  hose  coupling  before  it  is  parted  ? 

10.  Why  must  the  brakes  be  fully  released  before  uncoupling 
the  hose  between  the  cars  ? 

11.  In  coupling  or  uncoupling  the  hose  between  cars,  what 
must  be  done  if  there  is  ice  upon  the  couplings? 

12.  What  pressure  should  be  carried  in  the  train  pipe  and 
auxiliary  reservoir? 

13.  How  much  air  pressure  shouhl  be  carried  in  the  air 
signal  train  pipe  ? 

14.  When  taking  up  the  slack  of  the  brake  shoes  how  far 
should  the  brake  piston  travel  in  the  cylinders  on  cars  and  tenders 
with  a  full  application  of  the  brake  ? 
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15.  What  is  the  pressure-retaining  valve  and  what  is  itp 
use? 

16.  How  should  the  air  pump  be  started  ? 

17.  How  should  the  steam  cy Under  of  the  air  pump  be  oiled, 
and  what  kind  of  oil  should  be  used? 

18.  How  should  the  air  cylinder  of  the  air  pump  be  oiled, 
what  kind  of  oil,  and  why? 

IJ).     What  regulates  the  train-pipe  pressure? 

20.  When  the  engine  is  coupled  to  the  train,  why  is  it 
necessary  to  have  the  full  train-pipe  pressure  and  the  excess  pres- 
sure in  the  main  reservoir? 

21.  Why  should  the  driver  brakes  always  be  operated  auto- 
matically with  the  train  brake  ? 

22.  In  making  a  service  application  of  the  brakes,  how  much 
reduction  of  the  train-pipe  pressure  from  70  pounds  does  it  require 
to  fret  the  brake  full  on  ? 

2o,  What  should  the  first  reduction  be  in  such  an  applica- 
tion and  ^.«''bj'  ? 

24.  What  is  the  result  of  making  a  greater  reduction  of 
pressure  than  20  pounds? 

-f).  How  many  applications  of  the  brakes  are  necessary  in 
making  a  stop? 

2^].  In  releasing  and  recharging  the  train,  how  long  should 
the  handle  of  tlie  engineer's  valve  l)e  left  in  tlie  release  position? 

27.  In  making  service  stops  with  passenger  trains  why 
should  you  release  the  brakes  a  little  l)efore  coming  to  a  full 
stop  ? 

28.  When  the  brakes  go  on  suddenly  when  not  operated  hy 
the  engineer's  valve,  and  the  gauge  pointer  falls  back,  what  is  the 
cause,  and  wliat  should  you  do? 

2!>.  Are  tlie  brakes  liable  to  stick  on  after  an  emergency 
a})plication,  and  wliy? 

So.  In  descending  a  grade  how  can  you  best  keep  the  train 
und(»r  control  ? 

'>!.  If  tli(^  train  is  being  drawn  by  two  or  more  engines, 
u])on  which  engine  should  the  brakes  l)e  controlled,  and  what  must 
the  enginemen  of  the  other  engines  do  ? 
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32.  What  is  the  result  if  water  is  allowed  to  collect  in  the 
main  reservoir  of  the  brake  apparatus  ? 

33.  If  the  hose  burets  upon  the  run,  what  must  be  done  ? 

34.  If  the  train  breaks  in  two  what  must  be  done  ? 

35.  Explain  how  the  pressure-retaining  valves  are  thrown 
into  action  or  thrown  out  of  action,  and  when  this  must  be  done. 

36.  If  the  brake  of  any  car  is  found  to  be  defective  on  the 
run,  how  should  you  proceed  to  cut  it  out  ? 

37.  What  is  the  conductor's  valve,  and  what  is  its  use  ? 

38.  What  is  the  car  signal  for,  and  how  is  it  operated  ? 

39.  How  is  the  slack  taken  up  so  a^  to  secure  the  proper 
adjustment  of  piston  travel  ? 

40.  Why  is  it  important  that  no  leaks  should  exist  in  the 
air  brake  service  ? 

41.  To  what  travel  of  piston  must  the  brakes  be  adjusted? 

42.  How  is  the  slack  taken  up  so  as  to  secure  tliis  adjust- 
ment? 

43.  How  many  forms  of  triple  valves  are  there  in  use,  and 
what  are  they  called  ? 

44.  How  can  you  tell  the  plain  triple  from  the  quick-acting 
triple  ? 

45.  What  is  an  air  brake  ? 

46.  How  is  the  air  compressed  ? 

47.  How  does  the  piston  rod  get  back  when  the  brakes  are 
released  ? 

48.  How  was  the  straight  air  bmke  applied  and  released  ? 

49.  How  does   the   compressed   air  get  into   the   auxiliary 
reservoir  ? 
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